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FOREWORD

The Superfund Amendments and Reauthorization Act of 1986 (Public
Law 99-499) extended and amended the Comprehensive Environmental Response,
Compensation, and Liability Act of 1980 (CERCLA or Superfund). This public
law (also known as SARA) directed the Agency for Toxic Substances and Disease
Registry (ATSDR) to prepare toxicological profiles for hazardous substances
which are most commonly found at facilities on the CERCLA National Priorities
List and which pose the most significant potential threat to human health, as
determined by ATSDR and the Environmental Protection Agency (EPA). The lists
of the most significant hazardous substances were published in the Federal
Register on April 17, 1987, and on October 20, 1988.

Section 110 (3) of SARA directs the Administrator of ATSDR to prepare a
toxicological profile for each substance on the list. Each profile must
include the following content:

(A) An examination, summary and interpretation of available
toxicological information and epidemiological evaluations on the
hazardous substance in order to ascertain the levels of significant
human exposure for the substance and the associated acute, subacute,
and chronic health effects,

(B) A determination of whether adequate information on the health
effects of each substance is available or in the process of
development to determine levels of exposure which present a
significant risk to human health of acute, subacute, or chronic
health effects, and

(C) Where appropriate, an identification of toxicological testing
needed to identify the types or levels of exposure that may present
significant risk of adverse health effects in humans.

This toxicological profile is prepared in accordance with guidelines
developed by ATSDR and EPA. The original guidelines were published in the
Federal Register on April 17, 1987. Each profile will be revised and
republished as necessary, but no less often than every 3 years, as required
by SARA.

The ATSDR toxicological profile is intended to characterize succinctly
the toxicological and health effects information for the hazardous substance
being described. Each profile identifies and reviews the key literature that
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describes a hazardous substance's toxicological properties. Other literature
is presented but described in less detail than the key studies. The profile
is not intended to be an exhaustive document; however, more comprehensive ‘
sources of specialty information are referenced.

Each toxicological profile begins with a public health statement, which
describes in nontechnical language a substance's relevant toxicological
properties. Following the statement is material that presents levels of
significant human exposure and, where known, significant health effects. The
adequacy of information to determine a substance's health effects is described
in a health effects summary. Data needs that are of significance to
protection of public health will be identified by ATSDR, the National
Toxicology Program of the Public Health Service, and EPA. The focus of the
profiles is on health and toxicological information; therefore, we have
included this information in the front of the document.

The principal audiences for the toxicological profiles are health
professionals at the federal, state, and local levels, interested private
sector organizations and groups, and members of the public. We plan to revise
these documents as additional data become available.

This profile reflects our assessment of all relevant toxicological
testing and information that has been peer reviewed. It has been reviewed by
scientists from ATSDR, EPA, the Centers for Disease Control, and the National
Toxicology Program. It has also been reviewed by a panel of nongovernment
peer reviewers and was made available for public review. Final responsibility
for the contents and views expressed in this toxicological profile resides
with ATSDR.

Walter R, Dowdle, Ph.D.

Acting Administrator

Agency for Toxic Substances and
Disease Registry
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1. PUBLI C HEALTH STATEMENT

1.1 WHAT | S 1, 2- DI CHLOROPROPANE?

1, 2-Di chl oropropane is a colorless liquid belonging to a class of
chem cals called volatile organi c conpounds (VOCs). It has a chloroformlike
odor and evaporates quickly at roomtenperature. It is a man-made chem ca
and people are probably responsible for all releases of 1,2- dichloropropane
into the environment. 1,2-Dichloropropane is now used in the United States only in
research and industry. Before the early 1980s, 1, 2-dichl oropropane was used in farmng
as a soil fumi gant and was found in sone paint strippers, varnishes, and furniture
finish renovers. Most of the 1,2-dichloropropane released into the environnent finally
ends up in the air or groundwater. \Wen applied to soil in one experinent, all but 1%
di spersed in 10 days. Breakdown in both the air and groundwater is slow The rate at
whi ch a chenical breaks down is usually explained by howlong it takes for half the
chem cal to disappear (half-life). The half-life of 1,2- dichloropropane in air is not
known exactly, but it is longer than 23 days, which neans that 1, 2-dichl oropropane can
spread to areas far fromwhere it is released. In groundwater, the half-life of 1, 2-
di chl oropropane is estimated to be between 6 nonths and 2 years. For nore information
refer to Chapters 4 and 5 of this docunent.

1.2 HOWM GHT | BE EXPCSED TO 1, 2- DI CHLOROPROPANE?

Air levels of 1,2-dichloropropane are usually quite low. In city areas
of the United States, the average anount in air is about 22 parts per
trillion (ppt). 1,2-Dichloropropane is found in a few drinking water
supplies, and nost of those are from groundwater sources. A nationw de
survey of groundwater supplies showed that 1.4% of these supplies contained
1, 2-dichl oropropane levels at around 1 part per billion (ppb). The highest
amount of 1, 2-dichl oropropane in the survey was 21 ppb. Private wells in
farm ng areas where 1, 2-dichl oropropane was once used as a soil fum gant
have the greatest risk for contam nation. Cccupational exposure to 1, 2-

di chl oropropane nmay result during its production, its use in chem ca
reactions and as an industrial solvent, and evaporation from wastewat er
that contains the chemcal. Wrkers involved in cleaning up hazardous waste
or spill sites that contain 1,2-dichloropropane may al so be exposed. A

nati onal survey conducted by the National Institute for Cccupational Safety
and Health (NIOSH) in 1981-1983 estimted that 2119 workers outside of the
farm ng sector were exposed to 1, 2-dichl oropropane. Use of this chenica

has recently decreased very nuch, however, so that the nunber of exposed
wor kers may now be nmuch lower. According to industry spokesnen, |evels of
exposure anmpng exposed workers range fromless than 1 part per mllion (ppm
to |l ess than 25 ppm depending on the industry. 1,2-Dichloropropane was
found in 26 of the 1177 hazardous waste sites on the National Priority List
(NPL) and gases fromthese sites may contain | ow | evels of 1,2-

di chl oropropane. For nore information on |evels of 1,2-dichloropropane in
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t he environnent and potential exposure to it, please refer to Chapter 5 of
t hi s docunent.

1.3 HOW CAN |, 2- DI CHLOROPROPANE ENTER AND LEAVE MY BODY?

1, 2- Di chl oropropane can enter the body if a person breathes air or
drinks water contaminated with it, or if a person's skin cones in contact
with it. If 1,2-dichloropropane is present at a waste site near hones that
use wells as a source of water, the well water could be contami nated. A
route of mmjor exposure in the past was by accidentally or intentionally
drinki ng cl eani ng products that contained 1, 2-di chl oropropane, but these
cleaning materials are no | onger produced in the United States. Experinents
wi th ani nal s have shown t hat when 1, 2-di chl oropropane enters the body
t hrough eating or drinking, it is quickly renoved in the urine and feces and
by the lungs when the ani mal breathes out. 1,2-Di chl oropropane may enter the
| ungs of workers exposed where it is used indoors as a solvent. If 1,2-

di chl oropropane is rel eased at a waste site and evaporates into the air, a
person may breathe in 1, 2-dichl oropropane for a short tinme before it

di sperses. Wen the chenical was a part of some paint strippers,

varni shes, and furniture finish renovers, exposure of the skin through
contact with these products occurred; however, the ampunt of 1, 2-

di chl oropropane that entered through the skin is unknown. Soil around a
waste site may be contaminated with 1, 2-di chl oropropane, but it is not known
how much 1, 2-di chl or opropane enters the body through the skin upon contact
with contam nated soil. For nmore information on how 1, 2-di chl oropr opane
enters and | eaves the body, see Chapter 2.

1.4 HOW CAN 1, 2- DI CHLOROPROPANE AFFECT MY HEALTH?

Drinking 1, 2-di chl oropropane by humans (i.e., drinking cleaning
sol utions) has produced poi soning. At these high | evels of exposure,
ef fects include dizziness, headache, nausea, injury to the liver and
ki dneys, anemi a, conmm and, ultinately, death. Breathing high levels of 1,2-
di chl oropropane by humans, as in deliberate breathing of vapors from
cl eani ng sol utions, produces simlar effects. No reports have been nmade of
any health effects in humans follow ng | ow | evel exposure to 1, 2-
di chl oropropane for either short or long tine periods.

In ani mal experinents, |ow amounts of 1,2-dichl oropropane breathed in
over short- and long-termperiods result in danage to the liver, kidney,
and respiratory systens, while high amunts resulted in death. Short-term
exposure to high levels of vapors also causes irritation to the eyes and
throat. Wen 1, 2-dichloropropane is given by mouth to animals over short-
or long-term periods, damage to the liver and ki dneys is seen at | ow doses,
and deat h occurs at hi gh doses.

1, 2- Di chl oropr opane breathed or eaten for a short tinme has not been
reported to produce cancer in humans, but |ong-term exposure by nmouth in
ani mal s has produced evi dence of liver cancer in nmice and breast cancer in
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female rats. The significance of the aninmal cancer studies to humans is not
wel | understood. Irritation of the skin after contact with 1, 2-

di chl oropropane has been seen in both humans and rabbits. 1, 2-

Di chl or opropane has not been shown to cause birth defects in humans or
animals, but a delay in the growh of bones has been seen in fetal rats
foll owi ng exposure of the nother rats. For nore information on the health
ef fects of 1,2-dichloropropane in humans and ani mals, see Chapter 2.

1.5 1S THERE A MEDI CAL TEST TO DETERM NE WHETHER | HAVE BEEN EXPOSED TO
1, 2- DI CHLORCPROPANE?

Tests are available to detect 1,2-dichloropropane in the urine and the
bl ood. The avail abl e nmet hods can predict the concentration of 1, 2-
di chl oropropane in the air fromlevels in the urine, but not fromlevels in
the bl ood. The levels of 1,2-dichloropropane in the urine, however, cannot
predict specific health effects. The nmethod for testing the urine is
si mpl e, but because special equipnment is needed, the test is not yet
routi nely avail able. Because 1, 2-dichl oropropane | eaves the body quickly,
it is best to test for it soon after exposure. For nore information on the
nedi cal tests available to detect exposure to 1, 2-dichl oropropane, see
Chapter 2.

1.6 WHAT LEVELS OF EXPOSURE HAVE RESULTED | N HARMFUL HEALTH EFFECTS?

The amounts of 1,2-dichloropropane in air, drinking water and food
t hat cause known health effects in humans and aninmals are shown in Tabl es
-1, I-2, -3 and |-4. The idea of "dose-response" is inportant when
assessing the effect of a chem cal on humans or aninals. Dose-response
refers to the increase in adverse health effects that are observed as the
amount of the chem cal to which you are exposed i ncreases. The exact
amounts that result in the harnful effects in hunans (see Section 1.4) are
not known because no amounts of 1,2-dichl oropropane were determ ned when the
i ndi vidual s were poi soned.

M ni mal Ri sk Levels (MRLs) are included in Tables 1-1 and |-3. These
MRLs were derived fromani nal data for short-term and | ong-term exposure
from breat hing 1, 2-di chl or opropane and for short-termand | onger-term
exposure fromeating or drinking 1, 2-dichloropropane, as described in
Chapter 2 and in Tables 2-1 and 2-2. The MRLs provide a basis for
conparison to |l evels which people mght encounter either in the air or in
food or drinking water. If a person is exposed to 1, 2-dichl oropropane at an
amount below the MRL, it is not expected that harnful (noncancer) health
effects will occur. Since these |evels are based on information that it
currently available, there is always sonme uncertainty associated with them
Al so, since the nethod for deriving MRLs does not use any information about
cancer, a MRL does not inply anything about the presence, absence, or |evel
of risk of cancer.
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TABLE 1-1. Human Health Effects from Breathing
1,2-Dichloropropane*

Short-term Exposure
(less than or equal to 14 days)

Levels in Air (ppb) Length o osure Description of Effects

The health effects resulting
from short-term exposure
to air containing specific
levels of 1,2-dichloro-
propane are not known.

50 Minimal Risk Level (derived
from animal data, see
Section 1.6 for discussion).

Long-term Exposure
(greater than 14 days)

Levels in Air (ppb) Length of Exposure Description of Effects

The health effects resulting
from long-term exposure to
air containing specific
levels of 1,2-dichloro-
propane are not known.

7 Minimal Risk Level (derived
from animal data, see
Section 1.6 for discussion).

*See Section 1.2 for a discussion of exposures encountered in
daily life.
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Animal Health Effects from. Breathing

1,2-Dichloropropane

Short-term Exposure

(less than or equal to 14 days)

levels in Air (ppm)

100
480
1000
1000
1500

Length of Exposure

14 days, 6 hr/day

10 hr

14 days, 6 hr/day
6-10 days, 7 hr day
9 days, 7 hr/day

Description

of Effects*

Nasal damage in
Death in mice.
Nasal damage in
Death in rats.
Death in guinea

rats and mice.

rabbits.

pigs.

Long-term Exposure
(greater than 14 days)

Levels in Air (ppm)

Length of Exposure

Description

15

150
400
1000

13 weeks

13 weeks
5 weeks
2-18 weeks

of Effects*

Slight respiratory damage in

rats.

Anemia in rabbit.

Death in mice.

Death in rats, guinea pigs,

and dogs.

*These effects are listed at the lowest level at which they were

first observed.

They may also be seen at higher levels.
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TABLE 1-3. Human Health Effects from Eating or Drinking
1,2-Dichloropropane

Short-term Exposure
(less than or equal to 14 days)

Levels in Food (ppm) Length of Exposure Description of Effects**

3.6 Minimal Risk Level (derived
from animal data see
Section 1.6 for discussion).

Levels in Water The health effects resulting
from short-term human
exposure to drinking water
containing specific levels
of 1,2-di-chloropropane
are not known.

Long-term Exposure
(greater than 14 days)

Levels in Food (ppm) Length of Exposure Description of Effects**

2.5 Minimal Risk Level (derived
from animal data see
Section 1.6 for discussion).

Levels in Water The health effects resulting
from long-term exposure to
drinking water containing
specific levels of 1,2-
dichloropropane are not

known.

*See Section 1.2 for a discussion of exposures encountered in daily
life.
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TABLE 1-4. Animal Health Effects from Eating or Drinking
1,2-Dichloropropane

Short-term Exposure
(less than or equal to 14 days)

Levels in Food (ppm) Length of Exposure Description of Effects*
2000 10 days Mild nervous system effects
in rats.
3850 14 days Death in mice.
5000 _ 10 days Weight loss, anemia, and
liver damage in rats.
10,000 10 days Testicular damage in rats.
40,000 14 days Death in rats.
Levels in Water The health effects resulting

from short-term animal
exposure to drinking water
containing specific levels
of 1,2-di-chloropropane
are not known.

Long-term Exposure
(greater than 14 days)

Levels in Food (ppm) Length of Exposure Description of Effects*
960 2 years Liver damage in mice.
1900 2 years Death in mice.
2000 13 weeks Weight loss and anemia
in rats.
2500 15 days’ Slight effects on the growth
of bones in fetal rats.
5000 2 years Liver damage in rats.
5000 : 2 years Death in rats.
Levels in Water The health effects resulting

from long-term animal
exposure to drinking water
containing specific levels
of 1,2-dichloropropane

are not known.

*These effects are listed at the lowest level at which they were
first observed. They may also be seen at higher levels.
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The Cccupational Safety and Health Administration (OSHA) believes that
75 ppm 1, 2-di chl oropropane is acceptable for a normal 8-hour workday and a
40- hour wor kweek and that 110 ppm 1, 2-di chl oropropane is acceptable for a
15-m nute exposure period. OSHA feels that nearly all workers nmay be
repeat edly exposed to 1, 2-di chl oropropane at these |levels, day after day,
wi t hout harnful effects (see Section 1.7). The ampunt at which the snell of
1, 2-di chl oropropane is first noticed is 0.25 ppm therefore, nost people
woul d probably snell 1, 2-dichloropropane before it reached a harnful |evel.
Conti nued exposure to the odor may reduce the ability to snell 1, 2-
di chl oropropane at 0.25 ppm For nore information on the anounts of 1, 2-
di chl oropropane that cause effects in humans and ani mals, see Chapter 2.

1.7 WHAT RECOMMVENDATI ONS HAS THE FEDERAL GOVERNMENT NMADE TO PROTECT HUVAN
HEALTH?

The COccupational Safety and Health Adm nistration (OSHA) regul ates
| evel s of 1, 2-dichloropropane in the workplace. The limt for an 8-hour
wor kday, 40-hour workweek is an average of 75 ppmand the limt for a 15-
m nute exposure is an average of 110 ppm The Environnental Protection
Agency (EPA) requires a notice when discharges or spills of 1000 pounds or
nore of 1,2-dichl oropropane are nade into the environnent. For nore
i nformati on on Federal and State recomrendati ons, see Chapter 7.

1.8 WHERE CAN | GET MORE | NFORVATI ON?

If you have further questions or concerns, please contact your State
Heal th or Environnmental Departnent or:

Agency for Toxic Substances and Di sease Registry

Di vi si on of Toxi col ogy

1600 difton Road, E-29

Atl anta, Georgia 30333



2. HEALTH EFFECTS
2.1 | NTRODUCTI ON

Thi s chapter contains descriptions and eval uati ons of studies and
interpretation of data on the health effects associated with exposure to
1, 2-dichl oropropane. Its purpose is to present |evels of significant
exposure for 1,2-dichl oropropane based on toxicol ogi cal studies,
epi dem ol ogi cal investigations, and environnental exposure data. This
information is presented to provide public health officials, physicians,
t oxi col ogi sts, and other interested individuals and groups with (1) an
overal | perspective of the toxicology of 1,2-dichloropropane and (2) a
depiction of significant exposure |evels associated with various adverse
heal th effects.

2.2 DI SCUSSI ON OF HEALTH EFFECTS BY ROUTE OF EXPOSURE

To hel p public health professionals address the needs of persons
living or working near hazardous waste sites, the data in this section are

organi zed first by route of exposure -- inhalation, oral, and dermal -- and
then by health effect -- death, system c, inmunol ogical, neurol ogical

devel opnental , reproductive, genotoxic, and carcinogenic effects. These
data are discussed in terns of three exposure periods -- acute,

i ntermedi ate, and chronic.

Level s of significant exposure for each exposure route and duration
(for which data exist) are presented in tables and illustrated in figures.
The points in the figures showi ng no-observed-adverse-effect |evels (NOAELS)
or | owest-observed-adverse-effect |evels (LOAELs) reflect the actual doses
(level s of exposure) used in the studies. LOAELs have been classified into
"l ess serious" or "serious" effects. These distinctions are intended to
hel p the users of the docunent identify the |evels of exposure at which
adverse health effects start to appear, determ ne whether or not the
intensity of the effects varies with dose and/or duration, and place into
perspective the possible significance of these effects to hunan health.

The significance of the exposure | evels shown on the tables and graphs
may differ depending on the user's perspective. For exanple, physicians
concerned with the interpretation of clinical findings in exposed persons or
with the identification of persons with the potential to devel op such
di sease may be interested in |levels of exposure associated with "serious
effects." Public health officials and project nanagers concerned wth
response actions at Superfund sites may want i nformation on |evels of
exposure associated with nore subtle effects in humans or animals (LQAEL) or
exposure | evel s bel ow which no adverse effects (NOAEL) have been observed
Estimates of levels posing mininmal risk to humans (mininmal risk |evels,
MRLs) are of interest to health professionals and citizens alike.
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For certain chem cals, |levels of exposure associated w th carcinogenic
effects may be indicated in the figures. These levels reflect the actua
doses associated with the tunor incidences reported in the studies cited.
Because cancer effects could occur at |ower exposure |levels, the figures
al so show estimated excess risks, ranging froma risk of one in 10,000 to
one in 10,000,000 (10nf to 10n), as devel oped by EPA

Esti mates of exposure levels posing mnimal risk to humans (MRLsS) have
been made, where data were believed reliable, for the nost sensitive
noncancer end point for each exposure duration. MRLs include adjustnents to
refl ect human variability and, where appropriate, the uncertainty of
extrapol ating fromlaboratory animal data to humans. Although net hods have
been established to derive these |levels (Barnes et al. 1987; EPA 1980),
uncertainties are associated with the techniques.

2.2.1 Inhal ati on Exposure
2.2.1.1 Death

No studies were |ocated regarding lethal effects in humans foll ow ng
i nhal ati on exposure to 1, 2-di chl oropropane.

The lethality after a single exposure by inhalation to 1, 2-
di chl oropropane has been determined in rats and mce. Snyth et al. (1969)
and Pozzani et al. (1959) reported LC50 val ues of 2000 ppm and 3029 ppm
respectively, after a single n-hour exposure in rats. Carpenter et al
(1949) determned that 2000 ppmresulted in the death of 2/6, 3/6 or 4/6
rats after a single 4-hour exposure to 1,2-dichloropropane; Heppel et al
(1946) reported the death of 3/12 rats after a single 7-hour exposure of
1600 ppm Hi ghman and Heppel (1946) reported the death of 6/24 rats severa
hours after one 7-hour exposure to 2200 ppm and N tschke and Johnson (1983)
found no nortality in rats exposed to 1000 ppm 1, 2-di chl oropropane for 6
hours. Dow Chemical (1982) reported an LC, value of 480 ppmin mice after
a single 10-hour exposure to 1,2-dichloropropane. Al nice (22-26 aninals)
died after a single exposure of four hours to 1000 ppm or 1500 ppm while
3/10 mice died after a single two-hour exposure to 1500 ppm Nitschke and
Johnson (1983) reported the death of all mice within 24 hours of a 6-hour
exposure to 1500 ppm 1, 2-di chl oropropane and, follow ng a 6-hour exposure to
500 nm mice becane lethargic and 2/5 nice died within 3 days of exposure.
The concentration of 480 ppmin air fromthe Dow Chem cal (1982) study is
presented in Table |-2.

Lethality was observed in rats, mce, guinea pigs and rabbits
repeatedly exposed by inhalation to 1,2-dichloropropane for 14 days or |ess
(acute exposure is defined as treatment for <14 cal endar days). Exposures
of 7 hours/day, 5 days/week for 2-10 exposures in the Heppel et al. (1946)
study resulted in the deaths of 8/ 39 rats exposed to 1000 ppm 3/18 rats and
3/ 18 gui nea pigs exposed to 1500 ppm and 8/ 20 rats, 11/16 guinea pigs and
2/ 4 rabbits exposed to 2200 ppm Five consecutive days of -/-hour exposures
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of 1600 ppmresulted in the death of 0/13 rats, 0/10 guinea pigs and |/2
rabbits (Heppel et al. 1946). Hi ghman and Heppel (1946) reported the death
of 7/20 guinea pigs after 2-3 exposures of 7 hours to 2200 ppm 1, 2-

di chl oropropane. Heppel et al. (1948) observed no lethality in rats or

gui nea pigs following I-9, -7-hour exposures to 400 ppm 1, 2-di chl or opr opane.
Ni t schke and Johnson (1983) reported no conpound-related nortality in rats
and rabbits intermttently exposed for 2 weeks to <1000 ppmor in nice
exposed to <300 ppm 1, 2-di chl oropropane (6 hours/day, 4 to 5 days/week).

The concentrations of 1000 ppmin air for rats and 1500 ppmin air for

gui nea pigs (Heppel et al. 1946) are presented in Table |-2.

The lethality of 1,2-dichloropropane inhaled repeatedly over an
internediate tine period (internediate exposure is defined as treatnent for
15 to 364 cal endar days) was reported for rats, mice, guinea pigs, rabbits
and dogs. Exposures of 7 hours/day, 5 days/week for 11 to 128 exposures in
the Heppel et al. (1946) study resulted in the death of 17/45 rats, 3/12
gui nea pigs, 0/4 rabbits and 4/8 dogs exposed to 1000 ppm and 4/18 rats,

2/ 18 guinea pigs and |/4 rabbits exposed to 1500 ppm Heppel et al. (1948)
observed no lethality in rats, dogs and gui nea pi gs exposed to 12-140,
7-hour exposures to 400 ppm 1, 2-di chl oropropane. Nitschke et al. (1988)
reported no conpound-related nortality in rats and mice internmttently
exposed for 13 weeks to <150 ppmor in rabbits exposed to <1000 ppm 1, 2-

di chl oropropane (6 hours/day, 5 days/week). Heppel et al. (1948) determn ned
that 37 exposures of 4-7 hours at 400 ppmresulted in the death of 77/80

nm ce. The cause of death was not given, but some of the mice that died
after receiving 14-28 exposures showed noderate to marked congestion and
fatty degeneration of the liver, extensive centrol obul ar coagul ati on
necrosis of the liver, and slight to noderate fatty degenerati on of the

ki dney. The concentrations of 400 ppmin air for mce (Heppel et al. 1948)
and 1000 ppmin air for rats, guinea pigs and dogs (Heppel et al. 1946) are
presented in Table |-2.

No studies were found which determned the toxicity of 1, 2-
di chl oropropane after inhalation for a chronic period of tine (chronic
exposure is defined as treatnment for >365 cal endar days).

The highest reliable NOAEL value and all reliable LOAEL val ues for
| ethal effects in each species and duration category are reported in Table
2-1 and plotted in Figure 2-1. The Carpenter et al. (1949) study cannot be
used as the basis for a LOAEL in rats since a small nunber of animals were
eval uated (six), and it is not clear if controls were used. The data
eval uating the lethal effects of 1,2-dichloropropane on rabbits in the
Heppel et al. (1946) study and on rats and mice in the Nitschke and Johnson
(1983) study cannot be used as a basis for NOAELs and LOAELs since so few
ani mal s were used (four rabbits, five nice, five rats).



TABLE 2-1. Levels of Significant Exposure to 1,2-Dichloropropane - Inhalation
Duration/ LOAEL? (Effect)
Graph Frequency b
Key Species  Exposure NOAEL Less Serious Serious Reference
(ppm) (ppm)
ACUTE EXPOSURE
Lethality
1 rat 7 hr 2200 (death) Highman and Heppel 1946
2 rat 7 hr 1600 (death) Heppel et al. 1946
3 rat 8 hr 2000 (LCgq) Smyth et al. 1969
4 rat 7 hr, 5 d/wk 400 Heppel et al. 1948
3-9 exp
5 rat 7 hr/day, 1000 (death) Heppel et al. 1946
5 d/wk
6-10 exp
6 mouse 4 hr 1000 (death) Heppel et al. 1946
7 mouse 6 hr 500 (2/5 died) Nitschke and Johnson 1983
8 mouse 10 hr 480 (LCgq) Dow Chem. 1982
9 mouse 2 wk 300 Nitschke and Johnson 1983
4-5 d/wk ’
6 hr/d
10 gn pig 6 hr, 7 hr 2200 (death) Highman and Heppel 1946
2-3 exp
11 gn pig 7 hr, 5 d/wk 1500 (death) Heppel et al. 1946
6 exp
12 gn pig 7 hr 400 Heppel et al. 1948
1-4 exp
13 rabbit 2 wk 1000 Nitschke and Johnson 1983
4-5 d/wk
6 hr/d
14 rat 6 hr Hepatic 1500 Nitschke and Johnson 1983
15 Renal 1500
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TABLE 2-1

(continued)

Duration/ LOAEL? (Effect)
Graph Frequency b
Key Species  Exposure NOAEL Less Serious Serious Reference
(ppm) (ppm) (ppm)
Systemic
16 rat 4 hr, 7 hr Hepatic 2200 (increased fat) Highman and Heppel 1946
17 1-5 exp Renal 2200 (increased fat)
18 rat 2 wk Resp 100° (nasal mucosa Nitschke and Johnson 1983
4-5 d/wk degeneration)
19 6 hr/d Hemato 1000
20 mouse 6 hr Hepatic 500 Chemorrhagic Nitschke and Johnson 1983
necrosis)
21 Renal 1500
22, 23  mouse 2 wk Resp 30 100 (nasal mucosa Nitschke and Johnson 1983
4-5 d/wk degeneration)
24 6 hr/d Hemato 300
25, 26 Hepatic 100 300 (vacuolization
increased tiver
weight)
27 gn pig 7 hr Ocutar 2200 (conjuntivitis) Heppel et al. 1946
1-8 exp
28 gn pig 7 hr Hepatic 400 Heppel et al. 1948
29 1-4 exp Renal 400
30 gn pig 4 hr, 7 hr Hepatic 2200 (increased fat) Highman and Heppel 1946
31 1-5 exp Renal 2200 (increased fat)
32, 33 rabbit 2 wk Resp 300 1000 (nasal mucosa Nitschke and Johnson 1983
4-5 d/wk degeneration)
34 6 hr/d Hemato 1000
35 Hepatic 1000
36 Renal 1000
Immunological
37 rat 2 wk 1000 Nitschke and Johnson 1983
4-5 d/wk

6 hr/d
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TABLE 2-1 (continued)

Duration/ LOAEL? (Effect)
Graph Frequency b
Key Species  Exposure NOAEL Less Serious Serious Reference
(ppm) (ppm) (ppm)
Immunological
38, 39 mouse - 2 wk » 100 300 (decreased weight of Nitschke and Johnson 1983
4-5 d/wk thymus, decreased
6 hr/d Llymphoid cells)
Neurological
40, 41 rat 6 hr 500 1500 (anesthesia) Nitschke and Johnson 1983 o
42 mouse 6 hr 500 (lethargy and Nitschke and Johnson 1983 '
death) ja s
]
Reproductive ?:
e
43 rat 2 wk 1000 Nitschke and Johnson 1983 =~ &
4-5 d/wk =
6 hr/d o
s
44 mouse 2 wk 300 Nitschke and Johnson 1983 53
4-5 d/wk ]
6 hr/d
45 rabbit 2 wk 1000 Nitschke and Johnson 1983
4-5 d/wk
6 hr/d
INTERMEDIATE EXPOSURE
Lethality
46 rat 7 hr/d 1000 (death) Heppel et al. 1946
5 d/wk
12-59 exp
47 rat 7 hr, 5 d/wk 400 Heppel et al. 1948
12-140 exp
48 mouse 4-7 hr 400 (death) Heppel et al. 1948

15-37 exp



TABLE 2-1 (continued)

Duration/ LOAEL? (Effect)
Graph Frequency b
Key Species  Exposure NOAEL Less Serious Serious Reference
(ppm) (ppm) (ppm)
Lethality
49 mouse 13 wk 150 Nitschke et al. 1988
5 d/wk
6 hr/d
50 gn pig 7 hr, 5 d/wk 400 Heppel et al. 1948
134 exp
51 gn pig 7 hr, S d/uwk 1000 (death) Heppel et al. 1946
22-126 exp
52 rabbit 13 wk 1000 Nitschke et al. 1988
5 d/wk
6 hr/d
53 dog 7 hr, 5 d/wk 1000 (death) Heppel et al. 1946
27-96 exp
54 dog 7 hr, 5 d/wk 400 Heppel et al. 1948
134 exp
Systemic
55 rat 13 wk Resp 159 (upper respiratory Nitschke et al. 1988
5 d/wk lesions)
56 6 hr/d Cardio 150
57 Gastro 150
58 Hemato 150
59 Musc/skel 150
60 Derm/Oc 150
61, 62 Body Weight 50 150 (decreased body
weight gain)
63 rat 7 hr/d Hepatic 1000 Heppel et al. 1946
64 5 d/wk Renal 1000

12-59 exp
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TABLE 2-1 (continued)

Duration/ LOAEL? (Effect)
Graph Frequency
Key Species  Exposure NoaeLP Less Serious Serious Reference
(ppm) (ppm) (ppm)
Systemic
65 mouse 13 wk Resp 150 Nitschke et al. 1988
66 5 d/wk Cardio 150
67 6 hr/d Gastro 150
68 Hemato 150
69 Musc/skel 150
70 Hepatic 150
7 Renal 150
72 Derm/Oc 150
73 Body Weight 150
74 gn pig 7 hr Hepatic 1500 Heppel et al. 1946
75 5 d/wk Renal 1500
11 exp
76 rabbit 13 wk Resp 1000 (olfactory Nitschke et al. 1988
5 d/wk degeneration)
77 6 hr/d Cardio 1000
78 Gastro 1000
79 Hemato 150 (anemia)
80 Musc/sket 1000
81 Hepatic 1000
82 Renal 1000
83 Derm/Oc 1000
84 Body Weight 1000
85 dog 7 hr Hepatic 400 Heppel et al. 1948
86 5 d/uk Renal 400
134 exp
Immunological
87 rat 13 wk 150 Nitschke et al. 1988
5 d/wk
6 hr/d
88 mouse 13 wk 150 Nitschke et al. 1988
5 d/wk

6 hr/d
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TABLE 2-1 (continued)

Duration/ LOAEL? (Effect)
Graph Frequency b
Key Species  Exposure NOAEL Less Serious Serious Reference
(ppm) (ppm) (ppm)
Immunological
89 rabbit 13 wk 1000 Nitschke et al. 1988
5 d/wk
6 hr/d
Neurological
90 rat 13 wk 150 Nitschke et al. 1988
5 d/wk
6 hr/d
N mouse 13 wk 150 Nitschke et al. 1988
5 d/wk
6 hr/d
92 rabbit 13 wk 1000 Nitschke et al. 1988
5 d/wk
6 hr/d
Reproductive
93 rat 13 wk 150 Nitschke et al.1988
5 d/wk
6 hr/d
9% mouse 13 wk 150 Nitschke et al. 1888
5 d/wk
6 hr/d
95 rabbit 13 wk 1000 Nitschke et al. 1988
- 5 d/wk
6 hr/d

3 0AEL - Lowest Observed Adverse Effect Level
bNOAEL - No Observed Adverse Effect Level
€Used to derive acute inhalation MRL; dose adjusted for intermittent exposure, and divided by an uncertainty factor of 1000 (10 for use
g& a LOAEL, 10 for extrapolation from animals to humans and 10 for human variability), resulting in an MRL of 50 ppb (0.050 ppm).

sed to derive intermediate inhalation MRL; dose adjusted for intermittent exposure, and divided by an uncertainty factor of 1000 (10
for use of a LOAEL, 10 for extrapolation from animals to humans and 10 for human variability), resulting in an MRL of 7 ppb (0.007 ppm).
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2. HEALTH EFFECTS
2.2.1.2 Systenmic Effects

Respiratory Effects. Rubin (1988) described the health effects in
humans resulting fromexposure to an accidental spill of 2000 gall ons of
1, 2-di chl oropropane. The exposure resulted in chest disconfort, dyspnea,
and a cough in sone of the patients, indicating that 1,2-dichloropropane is
arespiratory tract irritant. Air concentrations of 1,2-dichloropropane
were not neasured or estimated.

The effects of 1,2-dichloropropane on the respiratory systens of
animal s acutely exposed (1-14 days) were determined for rats, nmice, and
rabbits, Degeneration of the nasal nmucosa was found in rats and mce
exposed to >100 ppm and in rabbits exposed to 1000 ppm 1, 2-di chl or opr opane
for 2 weeks (6 hours/day, 4 to 5 days/week) (N tschke and Johnson 1983). In
the rats, the severity of the nasal nucosa degeneration was concentration
rel ated and the effects occurred at the | owest exposure level. In the m ce,
no adverse respiratory effects were found at an exposure |evel of 30 ppm and
the effects found at 100 ppmwere | ess severe than those found in the rat.
In the rabbits, no adverse respiratory effects were found at an exposure
| evel of 300 ppm Therefore, rats appear to be the npst sensitive species
to the respiratory effects of 1,2-dichloropropane exposure. The
concentrations of 100 ppmin air for rats and mce and of 1000 ppmin air
for rabbits (N tschke and Johnson 1983) are presented in Table |-2.

The effects of 1,2-dichloropropane on the respiratory systens of
ani mal s exposed for an internediate tine period (15-364 days) were
determ ned for rats, mice and rabbits. Rabbits exposed to 1000 ppm and rats
exposed to >50 ppm had slight degeneration of the olfactory epithelium rats
exposed to >15 ppm al so had slight degeneration of the respiratory
epithelium (Nitschke et al. 1988). No adverse effects on the respiratory
system were found in rabbits exposed to <500 ppmor in nice exposed to <150
ppm (Ni tschke et al. 1988). The concentration of 15 ppmin air (N tschke
et al. 1988) is presented in Table 1-2.

The highest reliable NOAEL val ue and all reliable LOAEL val ues for
respiratory effects in each species and duration category are reported in
Table 2-1 and plotted in Figure 2-1. Both the acute study of Nitschke and
Johnson (1983) and the intermedi ate study of Nitschke et al. (1988)
determ ned that rats are the nost sensitive species to the respiratory
ef fects of 1,2-dichloropropane. Therefore, the LOAEL of 100 ppm for
respiratory effects inrats in the acute study (N tschke and Johnson 1983)
and the LOAEL of 15 ppmfor respiratory effects in rats in the internedi ate
study (Nitschke et al. 1988) will be used as the basis for the acute and
i nternedi ate MRL, respectively. Based on the LOAEL of 100 ppm (N tschke and
Johnson 1983), an acute MRL of 50 ppb (0.05 ppn) was cal cul ated and based
on the LOAEL of 15 ppm (Nitschke et al. 1988), an internediate MRL of 7 ppb
(0.007 ppm was cal cul ated. These cal cul ations are described in the
footnote in Table 2-1
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Cardi ovascul ar Effects. No studies were |ocated regarding
cardi ovascul ar effects in hunans foll owi ng inhal ati on exposure to 1, 2-
di chl or opr opane.

No adverse effects of 1,2-dichloropropane on the cardi ovascul ar system
were found foll owi ng histol ogi cal exanmi nation of the heart and aorta of rats
and mice exposed to <150 ppm and of rabbits exposed to <1000 ppm 6
hours/day, 5 days/week for 13 weeks (N tschke et al. 1988). These NOAEL
val ues for rats, mice and rabbits are reported on Table 2-1 and plotted on
Figure 2-1.

Heppel et al. (1946) observed fatty degeneration of the heart in dogs
that were exposed to 1000 ppm 1, 2-di chl oropropane for 7 hours/day, 5
days/week for 27-128 exposures. This effect occurred only in aninals that
died (the dogs died after 27-96 exposures); therefore, it is inappropriate
to consider this concentration a LOAEL for cardi ovascul ar effects in dogs.

Gastrointestinal Effects. Pozzi et al. (1985) reported vonmting and
abdom nal pain in a young wonan who had been sniffing a stain renover,
consisting primarily (98% of 1,2-dichloropropane, to alleviate nervousness,
but no dose was determ ned. The worman sniffed the chemical four times in
one ni ght and the synptons appeared the next norning. , The woman recovered
conpletely after 3 weeks of hospitalization.

No adverse effects of 1,2-dichloropropane on the gastrointestina
system were found follow ng histol ogi cal exami nati on of the stomach, |arge
intestine, and small intestine of rats and mce exposed to <150 ppm and of
rabbits exposed to <1000 ppm 6 hours/day, 5 days/week for 13 weeks
(Nitschke et al. 1988). These NOAEL values for rats, mice, and rabbits are
reported on Table 2-1 and plotted on Figure 2-1

Hemat ol ogi cal Effects. Pozzi et al. (1985) discussed two case studies
in which 1, 2-di chl oropropane, at unreported concentrations, was inhaled over
a short period of tine. One case involved the inhalation of 1,2-

di chl oropropane over the course of one evening, and the second case invol ved
t he inhal ati on over 6 hours while a woman was using a sol vent contai ning

1, 2-di chl oropropane to. clean. Effects of exposure included epistaxis
(nosebl eed), henolytic anenia and di ssenmi nated intravascul ar coagul ati on
(DIC). Both patients recovered.

No hemat ol ogi cal effects were observed in rats that were acutely
exposed to 433 ppm 1, 2-di chl oropropane (Sidorenko et al. 1979).

Hemat ol ogi cal effects as a result of exposure to 1, 2-dichloropropane
for internedi ate durations have been evaluated in rabbits, mce, and rats.
No hemat ol ogi cal effects were observed in rats or mce exposed to <150 ppm
(Nitschke et al. 1988). A dose-related increased severity of anem a
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occurred in rabbits exposed to >150 ppm (N tschke et al. 1988). The
concentration of 150 ppmin air (Nitschke et al. 1988) is presented in Table
1-2.

The highest reliable NOAEL val ue and all reliable LOAEL val ues for
hemat ol ogi cal effects in each species and duration category are reported in
Table 2-1 and plotted in Figure 2-1. The Sidorenko et al. (1979) study
cannot be considered a reliable study since the nunber of animals used was
not reported.

Muscul oskel etal Effects. No studies were | ocated regarding
muscul oskel etal effects in humans foll owi ng inhal ati on exposure to 1, 2-

di chl or opr opane.

No adverse effects of 1,2-dichloropropane on the nuscul oskel eta
system were found follow ng histol ogi cal exam nation of the bone of rats and
m ce exposed to <150 ppm and of rabbits exposed to <1000 ppm 6 hours/day, 5
days/week for 13 weeks (Nitschke et al. 1988). These NOAEL val ues for rats,
m ce, and rabbits are reported on Table 2-1 and plotted on Figure 2-1

Hepatic Effects. The liver is one of the nmain target organs for the
toxic effects of 1,2-dichloropropane. Pozzi et al. (1985) discussed two
human case studi es where 1, 2-di chl oropropane was inhal ed, |eading to hepatic
failure in one case and hepatic damage in the other. In the first case, a
55-year-ol d wonman was al ready suffering from menbrano-proliferative
gl omerul onephritis and undergoing hone dialysis 3 tinmes a week. The patient
was hospitalized with abdom nal pain after inhaling cleaning solution which
cont ai ned 60% 1, 2-di chl oropropane for 6 hours; the remai ning 40% of the
solution was a m xture of acetone, isobutyl alcohol, and n-butyl acetate.
Laboratory tests (aspartate am notransferase (AST), alanine am notransferase
(ALT), lactate dehydrogenase (LDH), prothronbin) showed severe hepatic
failure but the woman recovered after a week of hospitalization. In the
second case, a 20-year-old worman deliberately inhaled Trielina (98% 1, 2-

di chl oropropane), over the course of one evening, as a neans of sedation and
was admitted to the hospital. Laboratory tests (AST, ALT, total bilirubin
prot hronbi n) showed acute |iver damage. The woman recovered after 3 weeks

of hospitalization. Concentrations were not reported for these chem ca
exposures so that a LOAEL cannot be determ ned.

Hepatic effects of acute inhalation exposure to 1, 2-dichl oropropane
were evaluated in guinea pigs, mce, rabbits, and rats. Fatty degeneration
of the liver occurred in guinea pigs and rats acutely exposed to 2200 ppm
(Heppel et al. 1946; H ghman and Heppel 1946); adverse effects were not
observed in guinea pigs and rats acutely exposed to 400 ppm (Heppel et al
1948) or in rats exposed to 1000 ppm (Heppel et al. 1946). Drew et al
(1978) found no alterations of serumlevels of liver enzynes, which would
indicate liver damage, in rats that were exposed to 1000 ppm for 4 hours.

Ni t schke and Johnson (1983) found no histopathologic effects on the liver in
rats treated with a single 6-hour exposure of 1500 ppm 1, 2-di chl or opr opane
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or inrats and rabbits exposed to 1000 ppm for 2 weeks (6 hours/day, 4-5
days/week). In mce, extensive henorrhagi c necrosis was found in aninals
exposed for 6 hours to 500 ppm 1, 2-di chl oropropane. Followi ng internittent
exposure to 300 ppmfor 2 weeks (6 hours/day, 4-5 days/week), increased
[iver weight and hepatocel |l ul ar hypertrophy were observed in mice (N tschke
and Johnson 1983).

The hepatic effects of the inhalation of 1,2-dichloropropane
adm ni stered for internediate time periods were studied in rats, mce,
rabbits, guinea pigs, and dogs. Adverse effects on the |iver were not
observed in dogs, rats and gui nea pigs exposed to 400 ppm (Heppel et al
1948); in rats, guinea pigs, rabbits or dogs exposed to 1000 ppm and in
gui nea pigs and rabbits exposed to 1500 ppm (Heppel et al. 1946). N tschke
et al. (1988) observed no hi stopathologic effects on the liver in rats or
m ce exposed to <150 ppmor in rabbits exposed to <1000 ppm 1, 2-

di chl oropropane 6 hours/day, 5 days/week for 13 weeks.

The highest reliable NOAEL val ue and all reliable LOAEL val ues for
hepatic effects in each species and duration category are reported in Table
2-1 and plotted in Figure 2-1. The data regarding hepatic effects in
rabbits in the Heppel et al. (1946) study are not reliable since a small
nunber of animals (3-4) was used for eval uation

Renal Effects. Pozzi et al. (1985) reported a case study of a 20-year-old
fermal e who deliberately inhaled an unknown anount of Trielina (98% 1, 2-
di chl oropropane) over the course of one evening. Laboratory tests (serum
creatine, blood urea nitrogen (BUN)) showed severe renal failure. Scant
urine output (oliguria) and blood in the urine (hematuria) were al so seen
Renal bi opsy findi ngs showed acute tubul ar necrosis. O her systens, such as
the liver, were simlarly effected. The woman recovered after 3 weeks of
hospi talization.

Renal effects as a result of acute inhalation exposure to 1, 2-
di chl oropropane were evaluated in rats, mce, and guinea pigs. Fatty
degeneration of the kidney occurred in rats and gui nea pigs acutely exposed
to 2200 ppm (H ghman and Heppel 1946); adverse effects were not observed in
rats and gui nea pigs acutely exposed to 400 ppm (Heppel et al. 1948) or in
rats exposed to 1000 ppm (Heppel et al. 1946). The renal effects observed
after acute exposure in rats and guinea pigs are sinmlar to the effects seen
in the liver (H ghnan and Heppel 1946). No adverse effects on the ki dneys
were found foll owi ng hi stopathol ogic exam nation in rats and m ce exposed
for 6 hours to 1500 ppm 1, 2-di chl oropropane or in rats and rabbits exposed
to 1000 ppmand in mce exposed to 300 ppmfor 2 weeks (6 , hours/day, 4-5
days/ week) (Nitschke and Johnson 1983).

Renal effects for internediate inhalation exposure to 1, 2-
di chl oropropane were evaluated in rats, guinea pigs, rabbits, and dogs.
Adverse effects on the kidney were not observed in dogs, guinea pigs and
rats exposed to 400 ppm (Heppel et al. 1948), in guinea pigs, rats, rabbits
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and dogs exposed to 1000 ppm and in guinea pigs and rabbits exposed to 1500
ppm (Heppel et al. 1946). Nitschke et al. (1988) observed no

hi st opat hol ogi ¢ effects on the kidneys in rats and m ce exposed to <150 ppm
and in rabbits exposed to <1000 ppm 1, 2-di chl oropropane for 13 weeks (6
hour s/ day, 5 days/week).

The highest reliable NOAEL value and all reliable LOAEL val ues for
renal effects in each species and duration category are reported in Table
2-1 and plotted in Figure 2-1. The data regarding renal effects in rabbits
in the Heppel et al. (1946) study are not reliable since a small nunber of
animals (3-4) were used for eval uation.

Dermal / Ccul ar Effects. Periorbital and conjunctival henorrhages were
seen in a patient that was admtted to a hospital after exposure to vapors
of 1, 2-dichl oropropane (Pozzi et al. 1985). It was not clear if the
henorrhages resulted frominhal ation of 1,2-dichl oropropane or fromdirect
exposure of the eye to the 1, 2-dichl oropropane vapor. No concentration
i nformati on was provided.

Severe conjunctivitis occurred in guinea pigs acutely exposed to 2200
ppm of 1, 2-di chl oropropane vapor (Heppel et al. 1946). This concentration
of 1, 2-di chl oropropane al so produced death; 5 exposures of 7 hours each
resulted in the deaths of 11/16 of the animals. The paper did not clearly
state at what point, during the 5 exposures, the conjunctivitis was first
observed. This concentration represents a LOAEL for ocular effects and is
reported in Table 2-1 and plotted on Figure 2-1

No adverse effects on the eye were found followi ng gross and
hi st opat hol ogi ¢ exami nati on of the eyes of rats and nice exposed to <150 ppm
and in rabbits exposed to <1000 ppm 1, 2-di chl oropropane for 13 weeks (6
hour s/ day, 5 days/week) (Nitschke et al. 1988). These NOAEL val ues are
reported in Table 2-1 and plotted on Figure 2-I

2.2.1.3 I munol ogi cal Effects

No studies were | ocated regardi ng i munol ogi cal effects in humans
foll owi ng inhal ati on exposure to 1, 2-dichl oropr opane.

Hi st ol ogi ¢ examinati on of the bone marrow and thynus reveal ed no
adverse effects on the organs of the immune systemin rats and rabbits
exposed to 1000 ppm of 1, 2-dichl oropropane 6 hours/day, 4-5 days/week for 2
weeks (Nitschke and Johnson 1983). In mice exposed to 300 ppm1, 2-

di chl oropropane for 2 weeks (6 hours/day, 4-5 days/week), a decrease in the
absolute and rel ative thynus wei ght and a decrease in cortical |ynphoid
cells were observed (N tschke and Johnson 1983). Foll owi ng 13 weeks of
exposure to 1, 2-dichloropropane (6 hours/day, 5 days/week), no

hi st opat hol ogi ¢ effects on the organs of the i mune system (bone narrow,
thynmus) were found in rats (150 ppm, mce (150 ppnm), or rabbits (1000 ppm
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(Nitschke et al. 1988). Paraneters of imunol ogi cal function, however, were
not assessed in either study so that NOAELs or LQAELs cannot be defi ned.

2.2.1.4 Neurological Effects

Rubi n (1988) described health effects in people who were exposed to
unknown concentrations of 1,2-dichloropropane froma tank truck that |eaked
2000 gal l ons of the chemi cal. Fatigue, possibly attributable to CNS
depression, was anong the synptons observed in the exposed peopl e.

Anest hesi a was observed in rats during exposure to 1500 ppm 1, 2-
di chl oropropane for 6 hours (N tschke and Johnson 1983). The rats
recovered within an hour after exposure, but remmined lethargic. Al mce
exposed to 1500 ppm for 6 hours appeared anesthetized during exposure and
died within 24 hours. Mce exposed to 500 ppm did not exhibit neurol ogi ca
effects during the exposure but becanme | ethargic after the exposure period,
and 2/5 of the animals died within 3 days.

No adverse effects on the nervous system were found follow ng
observation for overt signs of toxicity (trenors, convulsions, salivation
lacrimnation, diarrhea, |ethargy) or follow ng histopathol ogi c exam nation
of the brain, spinal cord, and peripheral nerve of rats and mice exposed to
<150 ppm and of rabbits exposed to <1000 ppm 1, 2-di chl or opr opane 6
hour s/ day, 5 days/week for 13 weeks (N tschke et al. 1988). No specialized
stai ning nethods were used for exam nation of the tissues of the nervous
system

Si dorenko et al. (1976) described the sequence of signs of intoxication
in mce that were acutely exposed by inhalation to 1, 2-dichl oropropane.
Ceneral agitation and decreased coordi nati on of nmovenments occurred
initially, followed by sluggi shness, anyotonia and sporadic clonic spasns,
and subsequently by loss of righting reflex. The I oss of the righting
refl ex occurred at the | owest concentration given, 1000 ppm Sidorenko et
al. (1979) evaluated the neurological effects in rats resulting fromacute
and internediate duration exposure to 1, 2-dichloropropane. A total
threshold indicator (TTl) was used to assess the effects on the CNS, but the
details of the TTlI were not explained in the study. In addition, control
data and nunbers of treated rats and mice were not reported, Due to these
i nadequacies, it is inappropriate to identify LOAELs and NOAELs for
neur ol ogi cal effects fromthese studies.

The highest reliable NOAEL val ue and all reliable LOAEL val ues for
neur ol ogi cal effects in each species and duration category are reported in
Table 2-1 and plotted in Figure 2-1
2.2.1.5 Developnental Effects

No studies were | ocated regardi ng devel opnental effects in humans or
animal s follow ng inhal ati on exposure to 1, 2-dichl oropropane.
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2.2.1.6 Reproductive Effects

Pozzi et al. (1985) reported the case of a woman who was hospitalized
with netrorrhagia (bleeding fromthe uterus between nenstrual periods) after
acute inhalation of 1,2-dichloropropane. The nmetrorrhagia was a transient
effect. No information regardi ng concentrati on was given.

No hi stol ogi cal changes in the testes of rats and rabbits exposed to
1000 ppm 1, 2-di chl or opropane and of m ce exposed to 300 ppm 1, 2-
di chl oropropane for 2 weeks (6 hours/day, 4 to 5 days/week) were observed
(Ni tschke and Johnson 1983).

No hi stol ogi cal changes in the epididym s, prostate, or testes of males
and in the oviduct, uterus, cervix, ovaries, or mamary gl ands of fenal es
were observed in rats and, m ce exposed to <150 ppmand in rabbits exposed to
<1000 ppm 1, 2-di chl oropropane for 13 weeks (6 hours/day, 5 days/week)
(Nitschke et al. 1988).

The NOAEL val ues for each species and duration of exposure are
reported on Table 2-1 and plotted on Figure 2-1

2.2.1.7 Genotoxic Effects

No studies were | ocated regardi ng genotoxic effects in humans or
animal s follow ng inhal ati on exposure to 1, 2-dichl oropropane.

2.2.1.8 Cancer
No studies were | ocated regardi ng carci nogenic effects in humans
foll owi ng inhal ati on exposure to 1, 2-dichl oropr opane.

Heppel et al. (1948) exani ned the hepatocarcinogenic effects of 1,2-
di chl oropropane resulting frominternedi ate i nhal ati on exposure. It was not
clear if tissues other than the liver were exam ned. |In the study,
hepat omas were seen in 3 out of 80 mice exposed 37 tinmes to 400 ppmfor 4-7
hours. High nortality occurred throughout the study; only three mce
survived all exposures plus a 7-nobnth observation period. The hepat omas
were observed in the three nmice that survived. The norphol ogy of the
hepat omas was i nhadequately characterized and the incidence in controls was
not reported, therefore, this study was not used as a basis for a Cancer
Ef fect Level (CEL) in mice after internediate inhalation exposure.

2.2.2 Oral Exposure
2.2.2.1 Death

There are several cases in the literature of lethality in humans
resulting fromingestion of 1,2-dichloropropane. The nost common nethod of
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oral exposure was the accidental or intentional ingestion of 1,2-

di chl oropropane in the formof commercial solvents (Pozzi et al. 1985,
Larcan et al. 1977, Perbellini et al. 1985, Zedda et al. (n.d.), Chiappino,
and Secchi 1968). The quantity ingested cannot be deternined accurately
because of factors such as imediate voniting after ingestion and unknown
extent of absorption of 1,2-dichloropropane fromthe gastrointestinal tract.
Typically, clinical signs of 1,2-dichloropropane overexposure in these

i nci dences included prinmary effects on the CNS, liver, and kidney. Effects
on the respiratory system heart, and bl ood were al so described. Specific
causes of death included cardiac arrest and septic shock. No data on the

| ethal effects of 1,2-dichloropropane in humans resulting fromrepeated ora
exposures, including chronic |owlevel exposure, were |ocated.

The lethal effects of orally-adm nistered 1, 2-dichloropropane in
ani mal s have been reported by several investigators. Statistically
determined oral LD,, values of 1942 ng/kg/day (Pozzani et al. 1959) and 2196
ng/ kg/ day (Smyth et al. 1969) have been determined for rats. An oral LD,
of approxi mately 2000 ng/kg/day in rats is reported in Table 2-2 and plotted
in Figure 2-2.

Rats and mice were adninistered daily doses of 125-2000 ng/kg/ day by
gavage for 14 days (NTP 1986). All rats given 2000 ng/ kg/day orally died
but there was no nortality at <1000 ng/kg/day. In mce, increased nortality
occurred at >500 ng/ kg/ day, but not at <250 ng/kg/day. No short-term
studi es of 1, 2-dichloropropane adm nistered in food were |ocated; therefore,
the dose | evel of 500 ng/kg/day in mce and 2000 ng/kg/day in rats, which
were admi ni stered by gavage in corn oil (NTP 1986), were converted to an
equi val ent concentrati on of 3850 ppmin food for nice and 40,000 ppmin
food for rats, for presentation in Table |-4.

Bruckner et al. (1989) reported no lethality in rats treated with up to
1000 ngy/ kg/ day 1, 2-di chl oropropane by gavage in corn oil for 1, 5, or 10
consecutive days. In a 13-week study reported along with the acute study,
50% of the rats treated with 750 ng/ kg/day (the highest dose) died within 10
days and the remaining aninmals in the treatnent group were sacrificed.
Al so, 50% of the animals treated with 500 ng/ kg/day died during the course
of the 13-week study. The authors did not attenpt to explain this apparent
di screpancy in the lethal dose so that no NOAEL or LOAEL val ues for
lethality will be defined.

In internediate duration oral studies conducted by NTP (1986), rats and
nm ce were adm ni stered doses in the range of 30-1000 ng/ kg/day by gavage on
5 days/week for 13 weeks. Death was observed at the dose of 500 ng/kg/day
but there was no nortality at <250 ng/ kg/day for both rats and mce.

In chronic (103 weeks) gavage studies conducted by the NTP (1986),
increased nortality occurred in female rats and female mce that were
treated with 250 ng/ kg/day (5 days/week). No increase in nortality occurred
inrats or mice that were simlarly treated with <125 ng/ kg/day. No



TABLE 2-2.

Levels of Significant Exposure to 1,2-Dichloropropane - Oral

puration/ LOAEL? (Effect)
Graph Frequency b
Key Species (Route)C Exposure NOAEL Less Serious Serious Reference
(mg/kg/day) (mg/kg/day) (mg/kg/day)
ACUTE EXPOSURE
Lethality
1, 2 rat (&)  1/d, % d 1000 2000 (death) NTP 1986
3 rat (G) one dose 2000 (LDSO) Pozzani et al.
1959
Smyth et al.1969
4, 5 mouse (G) i/d, 14 d 250 500 (death) NTP 1986
Systemic
6 rat (G) 1, 5,10d Resp 1000 Bruckner et al.
7 Gastro 1000 1989
8, 9, 10 Hemato 100 250 (mild anemia) 500 (severe anemia)
11, 12 Hepatic 100 250 (necrosis)
13, 14 Renal 500 1000 (increased BUN)
15, 16 Body Weight 100 250 (decreased body
weight gain)
17 mouse (G) 14 d Renal 2000 NTP 1986
18 5 d/wk Body Weight 2000
Neurological
19, 20 rat (G) 1,5, 10d 100d (slight CNS 250 (definite CNS Bruckner et al.
"~ depression) depression) 1989
Reproductive
21, 22 rat (G) 1,5, 10d 250 500 (testicular Bruckner et al.
degeneration) 1989
INTERMEDIATE EXPOSURE
Lethality
23, 2 rat (G) 5 d/wk 250 500 (death) NTP 1986°

13 wk
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TABLE 2-2 (continued)

Duration/ LOAEL? (Effect)
Graph Frequency b
Key Species (Route)® Exposure NOAEL Less Serious Serious Reference
(mg/kg/day) (mg/kg/day) (mg/kg/day)
25, 26 mouse (G) 5 d/wk, 250 500 (death) NTP 1986
13 wk
Systemic
27, 28 rat (G) 13 wk Hemato 100% (slight 250 (pronounced Bruckner et al.
5 d/wk anemia) anemia) 1989
29, 30 Hepatic 250 500 (hyperplosia
vacuolization) o
3 Body Weight 100 (decreased body .
gain)
oo
32 rat ) S d/wk Resp 1000 NTP 1986 E;i
33 13 wk Gastro 1000 =
34 Renal 1000 E g
35 Derm/Oc 1000
36, 37 Body Weight 250 500 (decreased body ._xl"lj
weight gain) o
(o]
38 mouse  (G) 5 d/wk Resp 500 NTP 1986 Q
39 13 wk Gastro 500 wn
40 Hemato 500
41 Hepatic 500
42 Renal 500
43 Derm/Oc 500
44 Body Weight 500
Neurological
45 rat (G) gestation 125 (neurotoxic Kirk et al. 1989
day 6-21 effects)
46 rat () 13 wk 500 (pronounced Bruckner et al.
5 d/wk depression) 1989
Developmental
47 rat (G) gestation 125 (delayed Kirk et al. 1989

day 6-21 ossification)



TABLE 2-2 (continued)

puration/ LOAEL® (Effect)
Graph ) Frequency b
Key Species (Route)® Exposure NOAEL Less Serious Serious Reference
(mg/kg/day) (mg/kg/day) (mg/kg/day)
Reproductive
48 rat (G) gestation 125 Kirk et al. 1989
day 6-21
49, 50 rat (G) 13 wk 250 500 (testicular Bruckner et al.
S d/wk degeneration) 1989
CHRONIC EXPOSURE
Lethality
51, 52 rat (G) 5 d/wk 125 250 (death) NTP 1986
103 wk
53, 54 mouse (G) 5 d/wk 125 250 (death) NTP 1986
103 wk
Systemic
55 rat (G) 5 d/wk Resp 250 NTP 1986
56 103 wk Cardio 250
57 Gastro 250
58, 59 Hepatic 125 250 (necrosis)
60 Renal 250
61 Derm/Oc 250
62, 63 Body Weight 62 125 (decreased body
weight gain)
64 mouse (G) 5 d/wk Resp 250 NTP 1986
65 103 wk Cardio 250 P
66 Hepatic 125" (necrosis)
67 Renal 250
68 Derm/Oc 250
69 Body Weight 250

C
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TABLE 2-2 (continued)

Dburation/ LOAEL? (Effect)
Graph Frequency b
Key Species (Route)® Exposure NOAEL Less Serious Serious Reference
(mg/kg/day) (mg/kg/day) (mg/kg/day)
Carcinogenic
70 rat (G) 5 d/wk 250 (mammary NTP 1986
103 wk tumors)
n mouse (G) 5 d/wk 125 (hepatic NTP 1986
103 wk tumors)

3L0AEL - Lowest Observed Adverse Effect Level
bNOAEL - No Observed Adverse Effect Level
CRoute - G - Gavage

sed to derive acute oral MRL; dose divided by an uncertainty factor of 1000 (10 for use of a LOAEL, 10 for extrapolation from animals

to humans, and 10 for human variability), resulting in an MRL of 0.1 mg/kg/day.

€Used to derive intermediate oral MRL; dose adjusted for intermittent exposure and divided by an uncertainty factor of 1000 (10 for use
?f a LOAEL, 10 for extrapolation from animals to humans, and 10 for human variability), resulting in an MRL of 0.07 mg/kg/day.

Used to derive chronic oral MRL; dose adjusted for intermittent exposure and divided by an uncertainty factor of 1000 (10 for use of a
LOAEL, 10 for extrapolation from animals to humans, and 10 for human variability), resulting in an MRL of 0.09 mg/kg/day.
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| ong-term studi es of 1,2-dichl oropropane administered in food were | ocat ed;
therefore, the dose | evel of 250 ng/kg/day in mce and rats, which were
adm ni stered by gavage in corn oil (NTP 1986), were converted to an

equi val ent concentration of 1900 ppmin food in mce and 5000 ppmin rats,
for presentation in Table 1-4.

The highest reliable NOAEL value and all reliable LOAEL values for lethal effects
in each species and duration category are reported in Table 2-2 and plotted in Figure 2-
2.

2.2.2.2 Systenmic Effects

Respiratory Effects. No studies were | ocated regarding respiratory
effects in humans foll owi ng oral exposure to 1, 2-dichl oropropane.

No hi st opat hol ogi ¢ changes in the [ungs were observed in rats treated
by gavage in corn oil with up to 1000 ng/ kg/day 1, 2-dichl oropropane for 1
5, or 10 consecutive days, or with up to 500 ng/kg/day for 13 weeks (5
days/week) (Bruckner et al. 1989). In the gavage studi es conducted by NTP
(19861, no conpound-rel ated hi st opat hol ogi cal | esions were observed in
| ungs, bronchi, and trachea of F344/Nrats treated with up to 1000 ng/ kg/ day
of 1, 2-dichl oropropane for 13 weeks, B6C3Fl mice treated with up to 500
ng/ kg/ day for 13 weeks, or rats and mice treated with up to 250 ng/ kg/ day
for 103 weeks.

The highest reliable NOAEL val ues for respiratory effects in each
speci es and duration category are reported in Table 2-2 and plotted in
Fi gure 2-2.

Car di ovascul ar Effects. Death resulting fromcardiac failure occurred
in two humans 30 and 36 hours after ingestion of single unknown doses of
1, 2-di chl oropropane (Larcan et al. 1977, Perbellini et al. 1985). A
patient in the Perbellini et al. (1985) report showed ecchynpses (a purplish
patch caused by extravasation of blood into the skin) on the cheeks, trunk
and |inmbs, and epistaxis (nosebleed) after ingestion of an unknown dose of
1, 2-di chl or opr opane.

Hi st ol ogi cal exam nation of the hearts of rats and mice that were
treated with doses as high as 250 ng/kg/day (5 days/week) for 103 weeks
reveal ed no conpound-rel ated | esions (NTP 1986). The dose of 250 ny/kg/day
is reported in Table 2-2 and plotted in Figure 2-2 as a NOAEL for
cardi ovascul ar effects in rats and mce as a result of chronic ora
exposure.

Gastrointestinal Effects. Chiappino and Secchi (1968) reported a case
of acute overexposure by ingestion of 1,2-dichloropropane in which a 59-
year-old man experienced an inmedi ate burning sensation in the oropharynx,
esophagus, and stomach, followed by vonmiting for sone tine which becane
biliary vomting. Nausea, voniting, and intense anorexi a subsi ded but
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persi sted over the next 4 days, and the patient ultinately recovered.
Perbellini et al. (1985) reported reversible necrotic henorrhagic lesions in
the oral cavity of a man who ingested 1, 2-dichl oropropane. Thorel et al
(1986) observed reversible erosive esophagitis and esophageal varices in a
man who ingested 1, 2-dichloropropane in a suicide attenpt. The exposures in
t he above cases were single, but doses were not reported.

Gross pat hol ogi cal |esions were not observed in the gastrointestina
tract of mice or rats that were treated by gavage with 1, 2-di chl or opropane
doses as high as 2000 ng/ kg/day for 2 weeks (NTP 1986). The fact that the
rats and mice in this study were not exam ned histol ogically precludes the
use of 2000 ng/kg/day as a NOAEL. Bruckner et al. (1989) observed no
hi st ol ogi cal effects on the stonach in rats treated with 1000 ny/ kg/ day for
1, 5, or 10 consecutive days.

Rats that were treated with 1, 2-di chl oropropane doses as hi gh as 1000
ng/ kg/ day (5 days/week) for 13 weeks and mice simlarly treated with up to
500 ny/ kg/ day did not have hi stopathol ogical alterations in the
gastrointestinal tract (NTP 1986). Similarly, rats treated with up to 500
ng/ kg/ day for 13 weeks (5 days/week) showed no hi st opathol ogi ¢ changes in
the stomach (Bruckner et al. 1989).

Rats that were treated with 1, 2-di chl oropropane doses as high as 250
ng/ kg/ day (5 days/week) for 103 weeks did not have histol ogical alterations
in the gastrointestinal tract (NTP 1986). In fenmale nice that were treated
by gavage with 1, 2-di chl oropropane doses of 125 or 250 ng/kg/day (5
days/week) for 103 weeks, increased incidences of acanthosis of the forestonach
occurred. In nale mce sinlarly treated, this effect was only
observed in the high-dose group. Because it is uncertain whether the
acanthosis is conpound-rel ated, a LOAEL or NOAEL for gastrointestina
effects as a result of chronic oral exposure to 1,2-dichloropropane cannot
be determ ned for nice.

The highest reliable NOAEL val ue and all reliable LOAEL val ues for
gastrointestinal effects in each species and duration category are reported
in Table 2-2 and plotted in Figure 2-2.

Hemat ol ogi cal Effects. Anenia, |eukopenia and di ssem nated
i ntravascul ar coagul ation (DI C) occurred in humans after accidenta
i ngestion of 1,2-dichloropropane (Pozzi et al. 1985; Perbellini et al
1985). One of the patients recovered, one died 7 days after poisoning from
septic shock, and one died 30 hours after poisoning fromcardiac arrest.
These overexposures resulted froma single deliberate ingestion of 1,2-
di chl oropropane, but doses were not reported.

A dose-related increase in the severity of anemia was found in rats
treated with 250 ng/ kg/day 1, 2-di chl oropropane by gavage in corn oil for 1
5, or 10 consecutive days, and in rats treated with 100 ng/ kg/day for 13
weeks (5 days/week) (Bruckner et al. 1989). No anemia was found in rats
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treated with 100 ng/ kg/day in the acute study. In the internedi ate study,
anem a was found at the | owest dose |level so that a LOAEL of 100 ng/kg/ day
is defined. No short-termor |ong-term studies of 1,2-dichloropropane
administered in food were |ocated; therefore, the dose |evel of 250

ng/ kg/day in the acute study and of 100 ng/kg/day in the internediate study
were converted to equival ent concentrations of 5000 and 2000 ppmin food,
respectively, for presentation in Table |-4. The LOAEL of 100 ny/ kg/day for
rats in the intermediate study is the | owest effect [evel (LOAEL or NOAEL)
found for any species followi ng internediate exposure. A LOAEL of 100

ng/ kg/ day for decreased body weight in rats was al so found. Based on the
LOAEL of 100 ngy/ kg/day, an internediate oral MRL of 0.07 ny/kg/day was

cal cul ated as described in the footnote to Table 2-2. This MEL has been
converted to an equival ent concentration in food (2.5 ppn) for presentation
in Table 1-3. The MRL can be conpared with existing state and federa
criteria levels (see Chapter 7) or to anmounts of the chem cal encountered in
environnental or occupational situations (see Chapter 5).

No conpound-rel at ed hi st opat hol ogi cal | esions were observed in the
hemat opoi etic tissues of F344/N rats and B6C3F, mice treated for 5 days/week
with 1, 2-di chl oropropane at doses of 30-1000 ng/ kg/day for 13 weeks or 62-
125 ng/ kg/ day for 103 weeks (NTP 1986). Since clinical henatol ogical tests
were not performed, the highest doses in these studi es cannot be consi dered
NOAELs for hematol ogi cal effects.

Muscul oskel etal Effects. No studies were | ocated regarding
muscul oskel etal effects in humans or aninals follow ng oral exposure to 1,2-
di chl or opr opane.

Hepatic Effects. Danmge to the |iver has been reported in people who
del i berately drank 1, 2-dichl oropropane. Liver danage incl uded
centrol obul ar hepatic necrosis (Pozzi et al. 1985), centro- and nedi ol obul ar
acute hepatic necrosis (Larcan et al. 1977), and acute icteric liver
di sease in which histol ogi cal exam nation and el ectron m croscopy showed
di ffuse, turbid degeneration in the liver cells, and evident ultrastructural
changes in the mtochondria, the endoplasnmic reticulum and the Golg
appar at us (Chi appi no and Secchi 1968). Perbellini et al. (1985) reported
unspecified liver damage in a man orally overexposed. Thorel et al. (1986)
found portal hypertension and histol ogically, dense, irregular porta
fibrosis, which damaged the hepatic parenchynma in a man who ingested 1, 2-
di chl oropropane in a suicide attenpt. The aforenenti oned over exposures
resulted fromingestion of a single |arge dose, but specific anbunts were
not reported.

In animal studies, the liver has been shown to be affected by acute,
i nternedi ate, and chronic oral exposure to 1, 2-dichl oropropane. Bruckner et
al. (1989) reported adverse hepatic effects in rats treated orally for an
acute and internediate period of tine. Liver necrosis, characterized by
degenerative effects on the centril obul ar hepatocytes and mld to noderate
hepatitis, was observed in animals treated by gavage with >250 ng/ kg/ day
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1, 2-di chl oropropane in corn oil for 1, 5, or 10 consecutive days. Sinilar
ef fects (periportal vacuolization and fibroplasia) were found in aninals
treated with >500 ng/ kg/day for 13 weeks (5 days/week). No adverse effects,
on the rats were found at 100 ng/kg/day in the acute study and at 250

ng/ kg/day in the intermedi ate study. No short-term studies of 1, 2-

di chl oropropane admi nistered in food were | ocated; therefore, the dose

[ evel of 250 ng/kg/day in rats, which was adninistered by gavage in corn oi
(Bruckner et al. 1989), was converted to an equival ent concentration of
5000 ppmin food in rats, for presentation in Table |-4. The NTP study
(1986) found fatty changes, centril obular necrosis, and congestion of the
l[iver in rats given 1, 2-dichloropropane orally at doses of 1000 ng/kg/ day,
but not <500 ng/kg/day for 13 weeks. Liver |esions were not observed in
mce that were simlarly treated with doses as high as 500 ng/ kg/ day (NTP
1986) .

The NTP study (1986) found |iver necrosis in female rats given 250
ng/ kg/ day 1, 2-di chl oropropane by gavage for 103 weeks, but not in fenal es at
<125 ng/ kg/day or in males at any of the doses. The NTP study (1986) found
necrosis of the liver in male nmice, but not ferales, that were adm nistered
125 or 250 ng/ kg/ day 1, 2-dichl oropropane by gavage for 103 weeks (5
days/ week); |ower doses were not tested. No | ong-term studies of 1, 2-
di chl oropropane adm nistered in food were | ocated; therefore, the dose |evel
of 125 ng/kg/day in nmice and 250 ng/kg/day in rats, which were adm nistered
by gavage in corn oil (NTP 1986), were converted to an equival ent
concentration of 960 ppmin food in mce and 5000 ppmin food in rats for
presentation in Table |-4. The LOAEL of 125 ny/kg/day for hepatic effects
in mce is the | owest LOAEL reported following chronic oral exposure to 1, 2-
di chl oropropane (NTP 1986). A NOAEL of 62 ng/kg/day for effects on body
weight in rats is reported (NTP 1986), but factors other than chem ca
toxicity may affect body weight; therefore, it will not be used as the
basis for the MRL. Based on the LOAEL of 125 ng/kg/day, a chronic oral ML
of 0.09 ng/kg/day was cal cul ated as described in the footnote to Table 2-2.
The NTP study (1986) denoted that a significant dose-related increase in
liver adenomas occurred in nmale mce treated with 250 ng/ kg/ day (P=0.017)
and in female mce treated with the 125 and 250 ng/ kg/ day (P=0.102 at both
doses) (see Section 2.2.2.8 on carcinogenic effects by oral exposure).

The highest reliable NOAEL val ue and all reliable LOAEL val ues for
hepatic effects in each species and duration category are reported in Table
2-2 and plotted in Figure 2-2.

Renal Effects. Renal failure was observed in three patients after
i ngestion of 1,2-dichloropropane (Perbellini et al. 1985, Pozzi et al. 1985,
Zedda et al. n.d.). Two of the patients died but renal failure did not
appear to be the cause of death; one death was attributed to cardiac arrest
and the other to septic shock. Dose information on 1, 2-dichl oropropane was
not provi ded.
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Gross pat hol ogi ¢ exani nati ons showed reddened renal nedul |l ae in al nost

all rats that were treated with 2000 ng/ kg/ day by gavage for 2 weeks, but
not at 1000 ng/ kg/day or |ower doses (NTP 1986). This effect was al so
observed in mce that were simlarly treated at doses of >125 ny/ kg/ day;

| ower doses were not tested, Histological exam nations were not perforned.
NTP (1986) considered the reddened nmedull ae to be a conpound-rel ated, but
not an adverse effect. The reddened nedul | ae may have been transient since
no effects on the kidney, including the reddened renal nedull ae, were
observed grossly or histologically in mce or rats in the 13-week study or
in the 103-week study.

No adverse hi stopathologic effects on the kidneys were found in rats
treated with <500 ng/ kg/day 1, 2-di chl oropropane by gavage in corn oi
foll owi ng exposure for 1, 5, or 10 consecutive days or exposure for 13 weeks
(5 days/week) (Bruckner et al. 1989). Increased BUN | evel s, however, were
found in animals treated with 1000 ng/kg/day in the acute study.

No treatnent-rel ated hi stopathol ogi cal kidney |esions were observed in
rats or mce treated by gavage with 1, 2-di chl oropropane doses as high as
1000 ny/ kg/day for rats and 500 ng/kg/day for mice in the 13 week study and
as high as 250 ng/kg/day for both species in the 103 week study (NTP 1986).

The highest reliable NOAEL val ue and all reliable LOAEL val ues for
renal effects in each species and duration category are reported in Table
2-2 and plotted in Figure 2-2. Since no histol ogi cal exam nation of the
ki dney was done in the 2 week studies in rats and mce (NTP 1986), it would
be i nappropriate to consider this study as the basis for a NOAEL.

Dermal / Ccul ar Effects. No studies were |ocated regarding
dermal /ocul ar effects in humans follow ng oral exposure to 1, 2-
di chl or opr opane.

No treatnment-rel ated skin | esions were observed histologically in rats
or mce treated with 1, 2-di chl oropropane by gavage for 13 or 103 weeks (NTP
1986) . The hi ghest doses (1000 ng/ kg/day for rats, 500 ng/kg/day for mce
in the 13-week study; 250 for both species in the 103-week study) are
indicated in Table 2-2 and Figure 2-2 as NOAELs for dermal effects as a
result of internediate and chronic oral exposure to 1,2-dichl oropropane.

O her Effects. Mean body wei ght gain was depressed by <10%in nale
rats treated with >500 ny/ kg/day, but not <250 ng/kg/day, and in fenale rats
treated with >1000 ng/ kg/ day, but not <500 ngy/kg/day, for 2 weeks; in male
rats treated with >500 ny/ kg/day, but not <250 ng/kg/day, and not in fenale
rats treated with >500 ng/ kg/day, for 13 weeks; and in nmale rats treated
with >125 ng/ kg/ day, but not 62 ng/kg/day, and in female rats treated with
<250 ng/ kg/ day, but not 125 ng/kg/day, for 103 weeks (NTP 1986). Body
wei ght gain was not affected in mce simlarly treated (<2000 ng/kg/ day for
2 weeks, <500 ng/kg/day for 13 weeks, <250 ny/kg/day for 103 weeks) in the
NTP (1986) study, A significant dose-rel ated decrease in body wei ght gain
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was observed in rats treated with >100 ng/ kg/ day by gavage in corn oil for
13 weeks (5 days/week) (Bruckner et al. 1989). Since 100 ng/ kg/day was the

| owest dose tested, no NOAEL for body wei ght gain was defined. The LOAELs
and NOAELs for the three durations are reported in Table 2-2 and plotted in
Figure 2-2. No short- or long-termstudies of 1,2-dichloropropane
adm ni stered in food were | ocated; therefore, the dose |evels of 250

ng/ kg/ day (short-term) and 100 ny/ kg/day (long-tern) in rats, which were
adm ni stered by gavage in corn oil (Bruckner et al. 1989), were converted to
an equi val ent concentration of 5000 ppm (short-term) and 2000 ppm (| ong-
term in food for presentation in Table |-4.

2.2.2.3 I mmunol ogi cal Effects

No studies were | ocated regardi ng i munol ogi cal effects in humans
foll owi ng oral exposure to 1, 2-dichl oropropane.

Hi st ol ogi cal exam nation of organs and tissues of the immne system
revealed no treatment-related effects in rats or mce treated by gavage with
1, 2-di chl oropropane on 5 days/week with doses >30 ng/kg/day for 13 weeks or
>62 ng/ kg/ day for 103 weeks (NTP 1986). Reduced survival of the high-dose
femal es in the 103-week study (see section 2.2.1) nay have been due partly
to infections of the reproductive system of the animals that died during
the study, 5/11 controls, 9/14 at 125 ng/ kg/day, and 14/22 at 250 ng/ kg/ day
had i nfl ammati on of the reproductive system However, it is not known if
1, 2-di chl or opr opane caused an increased susceptibility to infections. No
speci fic i munol ogical tests of rats and nmice treated with 1, 2-

di chl oropropane were performed in the NTP (1986) studies. Therefore, LOAELs
and NOAELs for imunol ogical effects cannot be determ ned.

2.2.2.4 Neurological Effects

Synpt ons observed in patients lethally exposed to 1, 2-di chl oropropane
i ncl ude di zzi ness, headache, disorientation and coma (Larcan et al. 1977;
Perbellini et al. 1985; Thorel et al. 1986). The overexposure resulted from
a single ingestion, but no doses were determ ned.

Cor zi nski and Johnson (1989) perforned a neurotoxi col ogi ca
exam nation, including a Functional Observational Battery, on rats exposed
daily to 1, 2-di chl oropropane by gavage in corn oil for 2 weeks. After the
first dose, clinical signs (blinking, lacrimation, salivation and | ethargy)
were observed in the treated groups, but by the fifth dose, the treated
ani mal s were indistinguishable fromthe controls. Decreased | oconotion in
mal es and a trend towards decreased activity in femal es were found at >300
ng/ kg/ day. Hi stol ogi cal examination of the brain was not done. Bruckner et
al. (1989) found a dose-related increase in the severity of CNS depression
inrats treated with 100 ng/ kg/ day 1, 2-di chl or opr opane by gavage in corn
oil for 1, 5, or 10 consecutive days. No histopathol ogic | esions were found
in the brain. Therefore, a LOAEL of 100 ng/kg/day fromthe Bruckner et al
(1989) study and a LOAEL of 300 ng/kg/day fromthe CGorzinski and Johnson



42

2. HEALTH EFFECTS

(1989) study can be defined. No short-term studies -of 1,2-dichloropropane
administered in the food were |ocated; therefore, the dose |evel of 100

ng/ kg/day in rats, which was adninistered by gavage in corn oil (Bruckner
et al. 1989), was converted to an equival ent concentrati on of 2000 ppmin
food for presentation in Table |-4. Bruckner et al. (1989) al so observed
pronounced CNS depression in rats treated with 500 ng/ kg/ day by gavage for
13 weeks (5 days/week). The existence of CNS depression at the next |ower
dose (250 ng/ kg/day) was not reported, but 250 ng/kg/day cannot be defi ned
as a NOAEL for neurological effects follow ng internediate exposure since a
LOAEL of 100 ny/ kg/day was defined by Bruckner et al. (1989) in the acute
study. The LOAEL of 100 ng/kg/day for rats is the | owest adverse effect

| evel for any species follow ng acute oral exposure. Based on this val ue,
an acute oral MRL of 0.1 ny/kg/day was cal cul ated, as described in the
footnote in Table 2-2. This MRL has been converted to an equi val ent
concentration in food (3.6 ppm) for presentation in Table |-3. The MRL can
be conpared with existing state and federal criteria |levels (see Chapter 7)
or to anpbunts of the chemical encountered in environmental or occupationa
situations (see Chapter 5).

Kirk et al. (1989) perfornmed an observational battery on pregnant
femal e rats that were exposed by gavage to 1, 2-dichl oropropane during days
6-21 of gestation. The observational battery included observations in
pupi| size, respiration, nmovenent, skin and hair coat, salivation
lacrimation, and urine and fecal staining. No adverse effects were found in
dans exposed to <30 ng/kg/day, but at 125 ny/ kg/day, decreased novenent,
nmuscl e tone and extensor thrust reflex, and increased salivation and
l acri mati on were observed

NTP (1986) found no treatnment-related | esions histologically in the
brains of rats and mice treated with doses >30 ng/kg/day for 13 weeks or >62
ng/ kg/ day for 103 weeks. Specific tests for neurol ogical effects were not
perfornmed, however, precluding the determinati on of LOAELs and NQOAELs from
this study.

2.2.2.5 Devel opnental Effects

No studies were | ocated regardi ng devel opnental effects in humans
foll owi ng oral exposure to 1, 2-dichl oropropane.

An increased incidence of delayed ossification of the bones of the
skul |l was observed in the fetuses of dans treated with 125 ng/kg/day 1, 2-
di chl oropropane by gavage in corn oil during gestation days 6-21 (Kirk
et al. 1989). No adverse effects were found in the fetuses of dans treated
wi th <30 ng/ kg/day. The NOAEL of 30 ngy/kg/day and the LOAEL of 125
ng/ kg/ day are reported on Table 2-2 and plotted on Figure 2-2. No long-term
(214 days) studies of 1,2-dichloropropane administered in food were | ocat ed;
therefore, the dose level of 125 ng/kg/day in rats, which was adninistered
by gavage in corn oil (Bruckner et al. 1989), was converted to an equival ent
concentration of 2500 ppmin food for presentation in Table |-4.
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2.2.2.6 Reproductive Effects

No studies were | ocated regardi ng reproductive effects in humans
followi ng oral exposure to 1, 2-dichl oropropane.

Kirk et al. (1989) adnmi nistered 1,2-dichl oropropane by gavage to
pregnant rats during gestation days 6-21. No dose-related effects on the
nunber of pregnancies, the nunber of inplantation sites, the nunber of
resorptions, the gravid uterine weight, or the nunber of fetuses were found
at the highest dose level (125 ng/kg/day).

Testicul ar degeneration was found in rats treated with 500 ng/ kg/ day by
gavage in corn oil for 1, 5, or 10 consecutive days or for 13 weeks (5
days/ week) (Bruckner et al. 1989). The degeneration included reduced sperm
production, increased nunbers of degenerate sperm and reduced nunbers of
spermin the epididyms. These effects were not found at dose |evels of
<250 ng/ kg/ day. No short-term studies of 1,2-dichloropropane adm ni stered
in food were | ocated; therefore, the dose | evel of 500 ng/kg/day in rats,
whi ch was adnini stered by gavage in corn oil, was converted to an equival ent
concentration of 10,000 ppmin food for presentation in Table |-4.

I ncreased incidences of suppurative infection of the ovary, uterus, or
other organs were found in the female nice treated by gavage with doses of
125 and 250 ng/ kg/ day for 103 weeks (NTP 1986), but it is not known if these
infections were related to 1, 2-di chl oropropane treatnent since controls were
al so infected. Histological exam nation of the reproductive organs of the
male rats and mice in the 103-week study, and of the higher dosed animals in
the 13-week study, reveal ed no conpound-rel ated | esi ons.

The NOAEL of 125 ng/kg/day (Kirk et al. 1989) for effects on the
fermal e reproductive system foll owi ng internedi ate exposure and the NOAEL of
250 ny/ kg/ day and the LOAEL of 500 ng/ kg/day for effects on the nale
reproductive systemfollowi ng internmedi ate exposure are reported in Table
2-2 and plotted in Figure 2-2. Since no tests of reproductive function were
performed in the NTP (1986) study, it is not appropriate to regard the
| evel s that produced no histopathol ogi cal |esions as NOAELs.

2.2.2.7 Genotoxic Effects

No studies were | ocated regardi ng genotoxic effects in hunmans
foll owi ng oral exposure to 1, 2-dichl oropropane.
In a dominant-1lethal study, nale rats were continuously exposed to 1, 2-
di chl oropropane in the drinking water for at |east 10 weeks prior to
breeding and for 1 week after breeding (Hanley et al. 1989). Two days after
exposure was ended, the males were bred with untreated females. No effects
on mating performance or fertility in the males, or on the nunber of



44

2. HEALTH EFFECTS

i mpl antations, resorptions, and litter sizes were observed at the highest
dose (162 ng/ kg/ day) .

2.2.2.8 Cancer

No studies were | ocated regardi ng carci nogenic effects in humans
foll owi ng oral exposure to 1, 2-dichl oropropane.

A marginal but statistically significant increased incidence of
adenocar ci nonas of the manmmary gl and was observed in fenmale rats given 250
ng/ kg/ day 1, 2-di chl oropropane by gavage for 103 weeks (NTP 1986). NTP
(1986) considered this to be equivocal evidence for carcinogenicity. 1,2-

Di chl or opr opane was not found to be carcinogenic in other tissues in the
females or in any tissues in simlarly treated (62 and 125 ng/ kg/ day) nal e
rats. The 250 ng/kg/ day dose is indicated as a Cancer Effect Level (CEL) in
rats in Table 2-2 and is plotted in Figure 2-2.

A dose-related increase in |liver adenomas for both nmale and female mce
was observed when treated with 125 or 250 ny/ kg/day 1, 2-di chl oropropane by
gavage for 103 weeks (NTP 1986). The incidences were significantly greater
than control incidences in high-dose male (34%in treated vs. 14%in
control) and in low and hi gh-dose femal e groups (10%in both treated groups
vs. 2%in control). The incidences of hepatocellul ar carci nona were
i ncreased in the dosed ani mal s al though the increase was not significant.
NTP (1986) concl uded that there was some evidence for carcinogenicity in
nmal e and fenmal e m ce based on the increased incidences of hepatocellular
neopl asns, prinmarily adenonas. The dose of 125 ng/kg/day is presented as a
Cancer Effect Level (CEL) in mice in Table 2-2 and is plotted in Figure 2-2.
EPA (1987a) classified 1, 2-dichloropropane in Goup B2 (i.e., a probable
human carci nogen), and derived a q* of 6.8 x 10° (ng/kg/day) " fromthe
data in male mice. This qg* corresponds to upper bound individual lifetine
cancer risks at 10° to 107" risk levels of 1.5 x 10° to 1.5 x 10°
no/ kg/ day. The EPA plans to recalculate the g, * taking into consideration
the Iife table adjustnments; therefore, the cancer risk |levels are not
plotted in Figure 2-2.

2.2.3 Dernmal Exposure
2.2.3.1 Death

No studies were | ocated regarding lethal effects in humans foll owi ng
dermal exposure to 1, 2-di chl or opropane.

A dermal LD, of 8.75 nmL/kg was cal cul ated for rabbits (Smyth et al
1969). The treatnment site was covered with an inpervious plastic filmfor
24 hours followi ng application and the aninmals were observed for 14 days.
The LCAEL of 8.75 nlL/kg is reported in Table 2-3.



TABLE 2-3. Levels of Significant Exposure to 1,2-Dichloropropane - Dermat?®

Exposure
) Frequency/ b _LOAELS (Effect) i

Species Duration NOAEL Less Serious Serious Reference
ACUTE EXPOSURE
Death

rabbit 24 h 8.75 mL/kg (LDgq) Smyth et al. 1969

rabbit one dose 3.16 g/kg Exxon 1982a
Systemic

rabbit one dose Derm/Oc 3.16 g/kg (erythema) Exxon 1982a

3These levels are not displa¥ed graphically because none of the studies used doses

expressed in units of mg/cm®/day.
bNOAEL - No Observed Adverse Effect Level
CLOAEL - Lowest Observed Adverse Effect Level

"

S1034dd HLIVIH
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2.2.3.2 Systenic Effects

Grzywa and Rudzki (1981) reported 2 cases of dermatitis resulting from
dermal exposure to aerosols containing 1,2-dichl oropropane [7.4-12. 7% 2-
di chl oropropane, with the remainder consisting of methysilicone oils (3.6-
8.5% and freons 11 and 12 in a 1:1 proportion (83.6-84.1%] in the
wor kpl ace. In one case, a woman with no fanmily history of allergy was
dermal | y exposed to 1, 2-dichl oropropane by repeated spraying it during the
course of her work. Dermatitis appeared on her right hand after severa
nont hs of work and recurred several times during 6 years of enploynent.
After stopping work, there was no inprovenent in her condition; and new
areas of dermatitis appeared on her left hand and right foot. Patch tests
showed a strongly positive reaction to SiliformA AR 1 (an aerosol containing
1, 2-di chl oropropane) and to 1, 2-di chl oropropane. Twenty-one other workers
who were sinilarly exposed in her workplace did not devel op dernatitis. In
the second case, a woman with no fanmly history of allergy was dernally
exposed to 1, 2-dichloropropane in a sinmilar manner; after 4 years of work,
dermatitis appeared on the dorsa of her feet and continued for at |east 10
years. The dermatitis was exacerbated in the summer and occasionally
appeared on her neck. After 13 years of work, the woman devel oped hand
dermatitis, which receded after she changed her work and was no | onger
exposed to 1, 2-di chl oropropane. Patch tests showed a positive response to
1, 2-di chl oropropane and a negative response to Siliform AR-1. Skin changes
were seen in two of 39 other persons exposed in her workplace, but these
cases were not docunented. No dose information was available for either of
t he above cases.

No studies were | ocated regardi ng any other systenmic effects in humans
foll owi ng dermal exposure to 1, 2-dichl oropropane.

No studies were | ocated regardi ng hepatic, renal, muscul oskeletal, or
cardi ovascul ar systemeffects in animals foll owi ng dernal exposure to 1, 2-
di chl or opr opane.

No respiratory, gastrointestinal, or hematol ogical effects were
observed upon gross exam nation of rabbits treated dermally with a single
dose of 3.16 g/ kg 1,2-dichloropropane (Exxon 1982a). Erythena was observed
in rabbits treated in the sane experinent. The treatnent site was occl uded
for 24 hours follow ng application, and the animals were exam ned 14 days
following treatnent. Since tissues of the respiratory, gastrointestinal and
hemat ol ogi cal systenms were only grossly examined, it would be inappropriate
to consider the dose of 3.16 g/kg a reliable NOAEL for these effects. The
dose of 3.16 g/ kg, however, can be considered a LOAEL for dermal effects in
rabbits since erythema was observed upon gross exam nation (see Table 2-3).

Ccular irritation (redness, iridial irritation, corneal ul ceration) was
seen when an unspecified anmount of 1, 2-dichloropropane was instilled in the
conjunctival sac of rabbits (Exxon 1982b). The 1, 2-di chl or opr opane was
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placed in the eye, the upper and lower |ids were held together for one
second to prevent loss of material, and the animals were observed from1l
hour to 14 days after administration. Since no dose infornmation was

avail able for this study, it would be inappropriate to consider it the basis
for a LOAEL.

No studies were | ocated regarding the follow ng effects in humans or
animal s follow ng dernmal exposure to 1, 2-dichl oropropane:

2.2.3.3 I munol ogi cal Effects
2.2.3.4 Neurological Effects
2.2.3.5 Devel opnental Effects
2.2.3.6 Reproductive Effects

No studies were | ocated regardi ng reproductive effects in humans
foll owi ng dermal exposure to 1, 2-dichl oropropane.

No effects on the ovaries were observed upon gross exam nation of
rabbits dermally treated with a single dose of 3.16 g/kg 1, 2-di chl oropropane
(Exxon 1982a). The treatnment site was occluded for 24 hours foll ow ng
application and the animals were exam ned 14 days follow ng treatmnent.

Since the ovaries were only grossly examnm ned, the dose of 3.16 g/kg cannot
be considered a NOAEL for reproductive effects.

2.2.3.7 Genotoxic Effects

No studies were | ocated regardi ng genotoxic effects in humans or
animals foll owi ng dermal exposure to 1, 2-dichl oropropane.

2.2.3.8 Cancer

No studies were | ocated regardi ng carci nogenic effects in humans or
animal s follow ng dermal exposure to 1, 2-dichl oropropane.

2.3 RELEVANCE TO PUBLI C HEALTH

Death. The few deaths observed in hunans as a result of deliberate
i ngestion of 1,2-dichloropropane were apparently due to toxic effects on the
central nervous system liver, and kidney (Pozzi et al. 1985; Larcan et al
1977; Zedda et al. (n.d.); Perbellini et al. 1985). The ultinmte cause of
death has been reported to be cardiac arrest and septic shock. No deaths
have been reported resulting frominhalation or dermal exposure to 1, 2-
di chl oropropane. Al of the documented hunan overexposures resulted from
i ngestion or inhalation of 1,2-dichloropropane in the formof a cleaning
solvent. Since the use of 1,2-dichloropropane as a consuner cleaning
sol vent has been curtail ed, documented overexposures nay be rare in the
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future. Information on human lethality resulting fromrepeated exposures to
1, 2-di chl oropr opane has not been reported.

Doses causing death in aninals have been reported for acute and
i nternedi ate inhal ati on exposures, for acute, intermediate, and chronic ora
exposure, and for acute dermal exposure. In general, mce were nore
sensitive to the lethal effects of acute oral exposure to 1, 2-
di chl oropropane than are other | aboratory animals. This difference in
sensitivity was not found follow ng acute inhal ati on exposure. During
i nternediate or chronic oral or inhalation exposure, nmce and rats were
equal ly sensitive (NTP 1986; Nitschke et al. 1988). The reason for this
difference in sensitivity is not known; and it is not clear if humans are
nore or less sensitive to 1,2-dichloropropane in relation to other aninals,
since dose information is not available for the cases of human overexposure.
Conventionally, it is assunmed that humans are as sensitive as the nost
sensitive species tested when assessing the risk of 1,2-dichloropropane
lethally to humans. The concentrati ons associated with death in animals are
much hi gher than would be found in the environment, in occupationa
settings, or in water or soil surrounding waste sites; therefore, it is
unli kely that humans woul d die from noncancer effects after brief or
prol onged exposure to 1, 2-di chloropropane in air, food, water, or soil
1, 2- Di chl oropropane has been rated a B2 carci nogen, however, so prol onged
exposure could result in death from cancer

Systemic Effects. Systenmic effects of 1,2-dichloropropane include
respiratory effects due to irritation of the respiratory tract,
hemat ol ogi cal effects, and hepatic and renal alterations nanifested
primarily as fatty degeneration

Respiratory effects, including chest disconfort, dyspnea and cough
were reported in humans as a consequence of inhalation exposure to 1, 2-
di chl oropropane (Rubin 1988); respiratory effects have not been observed in
humans following oral or dernal exposure. Sinmilarly, respiratory effects
in aninmals were seen only as a result of inhalation exposure. Follow ng
i nhal ati on exposure, rats appeared to be nore sensitive to the effects of
1, 2-di chl oropropane on the nasal tissues than mce (Nitschke et al. 1988).
This sensitivity was observed foll owi ng both acute and internedi ate exposure
(Ni tschke and Johnson 1983; Nitschke et al. 1988).

Cardiac failure was the cause of death for 2 patients who ingested a
singl e dose of 1,2-dichloropropane (Larcan et al. 1977; Perbellini et al
1985). It is likely, however, that the cardiac failure in humans is a
result of toxicity to the CNS. Oral studies in animals did not show
cardi ovascul ar effects resulting from1, 2-di chl oropropane, but this nmay be a
consequence of the linited scope of pathological exam nation in the high
dose acute studies. Human inhal ation studies did not report adverse
effects on the cardi ovascul ar system Aninmal inhalation studies by Heppe
et al. (1946), however, reported sone fatty degeneration of the heart, but
this effect was only seen in the animals that died. Sinilar effects,
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however, were not observed in nore recent studies by N tschke and coworkers
(Ni tschke and Johnson 1983; Nitschke et al. 1988).

Adverse gastrointestinal effects were seen in humans after deliberate
i nhal ati on and ingestion of 1,2-dichloropropane (Pozzi et al. 1985;
Chi appi no and Secchi 1968; Perbellini et al. 1985). These effects included
nausea, voniting and gastrointestinal tract |esions. Nausea and vomiting
are general effects that could very well be due to CNS toxicity.; therefore,
it isdifficult to deternmine if these effects are secondary to the
gastrointestinal irritation/corrosion or CNS toxicity. Acanthosis of the
forestomach was seen in mce in a chronic oral study done by NTP (1986), but
no effects on the gastrointestinal systemwere seen in any inhalation
studi es. The acanthosis may be a consequence of repeated ingestion of an
irritant which is consistent with the gastrointestinal effects of 1,2-
di chl oropropane on hunmans. It was not clear that the acanthosis was
specifically due to 1, 2-dichl oropropane.

Di ssem nated intravascul ar coagul ation (DI C) and henol ytic anem a were
found in humans as a result of overexposure to 1, 2-dichl oropropane
(Perbellini et al. 1985; Pozzi et al. 1985). This finding, somewhat unusua
in cases of solvent exposure, was reported in a total of five patients
bet ween the two studi es regardl ess of route of exposure (inhalation or
i ngestion). Perbellini et al. (1985) suggested that henolysis resulting
from 1, 2-di chl oropropane may trigger DI C, but the nmechanismhas yet to be
proven. In aninmal studies, a dose-related increase in the severity of
anem a was found in rabbits exposed to 1, 2-dichl oropropane by inhalation
(=150 ppm 6 hours/day, 5 days/week, 13 weeks) (N tschke et al. 1988) and in
rats treated orally with 1,2-dichl oropropane (>250 ng/ kg/day for up to 10
consecutive days and at >100 ny/ kg/day, 5 days/week for 13 weeks) (Bruckner
et al. 1989). These results are consistent with the anem a observed in
humans as a result of both inhalation and ingestion of 1,2-dichloropropane.

One of the principal target organs, in both aninmals and humans, for the
toxicity of 1,2-dichloropropane is the liver. The major effects in both
ani mal s and humans resulting fromboth inhal ati on and oral exposure are
fatty degenerati on and necrosis. The hepatic effects of 1,2-dichloropropane
on humans result from unknown, but apparently high, doses either ingested in
a single bolus dose or inhaled over a short period of tine.

Secchi and Al essio (1968, 1971) reported increases in hepatic enzymes
found in human serum as an indicator of hepatic danage resulting from
i ngestion of 1,2-dichloropropane (m xture of 70% 1, 2-di chl oropropane and 30%
trichloroethylene). Cytoplasnmic liver enzynes found in the serumindi cated
| ess severe damage to hepatocytes, while mtochondrial and | ysosonal |iver
enzynes found in the serumindicated severe hepatic danage, usually
associated with death (3/6 subjects died). Conmpound-rel ated danmage to
m tochondrial structures results in the depression of netabolic processes
related to the production of energy, and damage to the |ysosones results in
the rel ease of hydrolytic enzynes into the cell which is responsible for
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fatal cellular necrosis. In this study, histological examnation of the
liver of the patients positively correlated with the serum enzynol ogi ca
findi ngs.

Bonashevskaya et al. (1976) discussed a proposed nechani sm of action of
1, 2-di chl oropropane on the rat |iver based on work done on chlorinated
aromati ¢ compounds. The centrol obul ar region of the liver was reported as
the focus for detoxification of |ipophilic substances, while the periphera
region of the liver manages the elimnation of toxins with the bile. The
toxic effects of 1,2-dichloropropane are generally localized in the
centrol obul ar region of the liver. The 1, 2-dichl oropropane penetrates the
pl asma nenbranes in the centrol obular region and is netabolically
transformed because of the activity of mcrosomal enzynes. This system of
m crosonmal enzynes is al so described by Van Dyke and W nenan (1971) (see
section 2.3.1.3 on Metabolism. The activation of the enzyne systemresults
in hyperplasia of the endoplasmc reticulum resulting in the |oss of
ri bosomes. The |l oss of the ribosones results in a decrease in protein
synthesis and, therefore, an inhibition of Iipoprotein formation
Consequently, lipid inclusions appear in the cytoplasmof the cells,
resulting in fatty degeneration of the liver. This mechani sm has been
proposed in the literature but has yet to be conpletely proven, and the
rel evance of the mechani smto humans renmai ns unknown.

Renal failure has occurred in people exposed to 1, 2-dichl oropropane
orally and by inhalation (Pozzi et al, 1985; Zedda et al. (n.d.); Perbelli ni
et al. 1985). Fatty degeneration of the kidney was seen in ani mals exposed
by inhalation to 1, 2-dichl oropropane (H ghman and Heppel 1948). Reddened
renal nedullae were found in aninmals treated by gavage for 2 weeks, but was
not found in animals treated for |onger time periods (NTP 1986). The
reddened medul | ae may be transient |esions that disappear after initia
exposure to 1, 2-di chl oropropane. The animal inhalation and oral studies
suggest that kidney toxicity may be a consequence of single and repeated
exposure to 1, 2-di chl oropropane.

Dermal / ocul ar effects of 1,2-dichl oropropane have occurred i n humans;
t hese include periorbital and conjunctival henorrhages follow ng vapor
exposure (Pozzi et al. 1985) and dermatitis after dermal exposure (G zywa
and Rudzki 1981). Conjunctivitis was seen in guinea pigs exposed to 1, 2-
di chl oropr opane vapor (Heppel et al. 1946), but no dernal/ocul ar effects
were seen as a result of oral exposure. These local irritative effects of
1, 2-di chl oropropane are consistent with the gastrointestinal tract data; the
chemical appears to be a local irritant by all routes, as m ght be expected.

The reported systenmic effects of 1,2-dichloropropane in humans have
resulted frominhal ation or ingestion of 1,2-dichloropropane in the form of
a cleaning solvent, or fromdernmal contact with aerosols in the workpl ace.
Since 1, 2-di chl oropropane is no |onger avail able as a consuner solvent, and
its use as an industrial solvent involves closed systens, the potential for
human exposure is minimal. The concentrati ons associated with systemc
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effects in animals are much higher than those found in the environnent, in
occupational settings, or in water or soil surrounding waste sites, so it is
not likely that harnful, noncancer effects would result frombrief or

prol onged human exposure to 1, 2-dichloropropane in air, food, water, or
soil. 1,2-Dichloropropane has been rated a B2 carci nogen, however, so

prol onged exposure may result in cancer

| mmunol ogi cal Effects. Sensitization has occurred in humans dernally
exposed to 1, 2-di chl oropropane in the workplace (G zywa and Rudzki 1981)
(see Section 2.2.3.2). Inmmunol ogical effects in humans have not been
observed as a result of oral or inhalation exposure. An in vitro study on
the toxicity of 1,2-dichloropropane on human | ynphocytes was conducted by
Perocco et al. (1983). The cellular paraneters studied included tritiated
t hym di ne uptake and viability in cells growmn with or without the S-9 rat
liver nmetabolizing system The S-9 liver systemis included to provide
mamal i an |iver enzynes that nmay be necessary to netabolize the conpound
being tested into a nore or less toxic chemcal, simulating events in vivo.
No cytotoxic action against human | ynphocytes was seen as a result of
exposure to 1, 2-dichl oropropane. Dernal exposure in hunans nay result in
i munol ogi cal effects, but it is inappropriate to draw any concl usions
regardi ng other routes of exposure due to the limted data. In nmice, a
decrease in the absolute and relative thynus wei ght and a decrease in
cortical |ynmphoid cells were found in ani mals exposed by inhalation to 300
ppm 1, 2-di chl or opropane (6 hours/day, 5 days/week, 2 weeks) (Nitschke and
Johnson 1983). Except for the acutely exposed nice described above
(Ni tschke and Johnson 1983), no changes in the imunol ogi cal organs or
ti ssues were observed in aninals exposed by inhalation (acute or
i nternedi ate exposure periods) or treated orally (internedi ate and chronic
exposure periods). Tests of imunol ogical function were not perfornmed
foll owi ng any route of exposure in animals.

Neur ol ogi cal Effects. The CNS is a principal target for 1, 2-
di chl oropropane toxicity. Dizziness, disorientation, and cona are sonme of
the effects on the central nervous system whi ch have occurred i n humans
after overexposure by ingestion (Larcan et al. 1977; Perbellini et al. 1985;
Thorel et al. 1986). The dose-response relationship for this effect cannot
be characterized due to | ack of quantitative dose infornmation. Reported
neur ol ogi cal effects resulting frominhal ati on exposure were | ess pronounced
than the effects resulting fromoral exposure, probably due to different
exposure levels. Since only two case studies of inhalation overexposure are
avai |l abl e (Pozzi et al. 1985; Rubin 1988) and since CNS effects as a result
of oral overexposure to high levels are severe, it is reasonable to assune
that inhal ati on exposures (at concentrations that would result in the sane
internal dose as in the oral studies), may produce CNS effects of sinilar
severity to those found in the oral studies. The nmechani sm of action on the
CNS has not been determ ned, but Perbellini et al. (1985) found a high
concentration of 1,2-dichloropropane in the brain of a woman who di ed
foll owi ng ingestion of 1,2-dichloropropane. In animal studies, neurol ogica
effects (lethargy, CNS depression, decreased activity) were found foll ow ng
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acute inhal ati on exposure (Nitschke and Johnson 1983) and follow ng acute
and internediate oral exposure (CGorzinski and Johnson 1989; Bruckner et al
1989). These observations are consistent with the effects found in humans
followi ng both inhalation and ingestion of 1,2-dichloropropane.

Since 1, 2-di chl oropropane is no | onger avail able as a consuner sol vent,
it is unlikely that other nodes of human exposure (air, food, or water)
woul d result in harnful central nervous system effects.

Genotoxic Effects. No studies were |ocated regarding genotoxic effects
in humans or animals follow ng inhalation or dermal exposure to 1, 2-
di chl oropropane. In an oral dom nant-lethal study in mce, no effects were
found on mating performance or fertility in the nmales, or on the nunber of
i mpl antations, resorptions, and litter sizes (Hanley et al. 1989). Results
of in vitro genetic testing of 1,2-dichloropropane are presented in Table 2-
4. A nunber of investigators found that 1, 2-dichloropropane is nmutagenic
for various strains of Salnmonella, when tested with or without S-9
exogenous netabolic activation preparation. Carere and Mrpurgo (1981) and
Principe et al. (1981) found that 1,2-dichl oropropane was nutagenic for
Aspergillus but not Streptonyces when tested wi thout an exogenous netabolic
activation system 1,2-Dichl oropropane was nutageni ¢ in nmouse | ynphonma
cells when tested with exogenous activation (Tennant et al. 1987) and in
Drosophila (exposed by inhalation and ingestion) (Wodruff et al. 1985).
Chronpsomal aberrations were induced in Chinese hanster ovary cells under
both activated and non-activated conditions, but not in Aspergillus
(Crebelli et al. 1984). Since 1, 2-dichloropropane is nmutagenic in bacteria,
nouse | ynphoma cells and Drosophila, and clastogenic in Chinese hanster
cells, it is appropriate to predict that 1,2-dichloropropane poses a
genotoxi c threat to hunmans.

Cancer. Chronic oral exposure to 1, 2-dichloropropane produced
significantly increased incidences of hepatocellular neoplasns in nale and
femal e mice and mammary gl and adenocarcinomas in fenmale rats (NTP 1986).
Mal e nmice of the strain used (B6C3FlI) in the NTP (1986) study are known to
have a high incidence of benign liver tunors. The normally high rate of
t hese tunors can be enhanced by various stimuli including stress, irritants,
car ci nogeni ¢ chemnicals and pronoters. As di scussed by NTP (1986),
pronoters seemto enhance the incidence of liver tunors only in animals that
have a hi gh spontaneous rate. Carcinogenic chem cals, however, have
i ncreased the incidence of both benign and malignant liver tunors in mce
regardl ess of whether a certain strain has a high incidence of spontaneous
tunmors. NTP (1986) discussed the possibility that 1,2-dichloropropane was a
tunmor pronotor but could not come to a concl usion

NTP (1986) regarded the increased incidences of mammary gl and
adenocarcinona in fenale rats as equivocal evidence of carcinogenicity.
That the increase was associated with 1,2-dichl oropropane exposure is
strengthened by the following facts: these are relatively rare tunors in
the strain of rat used; the incidence was 25%in the hi gh-dose femal es that
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TABLE 2-4. Genotoxicity of 1,2-Dichloropropane

Endpoint Species Activation Result Reference
Gene Salmonella + + Haworth et al. 1983
mutation - + Principe et al. 1981
Zeiger 1987
Carere et al, 1981
Tennant et al. 1987
Stolzenberg et al. 1980;
NTP 1986
Streptomyces NT - Carere et al. 1981;
Principe et al. 1981
Aspergillus NT + Carere et al. 1981;
Principe et al. 1981
Drosophila NA + Woodruff et al. 1985
Mouse lymphoma + + Tennant et al. 1987
cells - -
Chromosomal Aspergillus NT - Crebelli et al. 1984
aberrations
Chinese hamster + + von der Hude et al.
ovary cells - + 1987; Galloway et al.
1987; Tennant et al.
1687; NTP 1986
Dominant Rat NA - Hanley et al. 1989
lethal

NT = Not tested

NA = Not applicable
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survived until the end of the study; and the | ower body wei ght of the high-
dose fenal es woul d be expected to decrease the spontaneous rate, rather
than enhance it. However, the toxicity of the high dose nay have affected

t he honeostasis of the female rats; the incidence of nammary fi broadenonas
was decreased in the high-dose fermales relative to controls, and the
adenocar ci nonas were norphologically simlar to tunors classified by some
pat hol ogi sts as highly cellular fibroadenonas.

The EPA (1987b) has classified 1, 2-dichl oropropane as a B2 carci nogen
(probabl e human car gi nogen) based on the NTP (1986) study, which concluded
that 1, 2-dichl oropropane is reasonably anticipated to be a human
car ci nogen.

2.4 LEVELS I N HUMAN Tl SSUES AND FLUI DS ASSOCI ATED W TH HEALTH EFFECTS

No studies were | ocated that associ ated human tissue |evels with hunan
health effects or with environmental |evels of 1,2-dichloropropane.

Perbellini et al. (1985) described a case of oral overexposure to 1, 2-
di chl oropropane where the subject died fromcardiac arrest 30 hours after
i ngestion. Synptonms of the overexposure included; initial agitation
bradycardi a, hypertension and anuria, followed by hypoxem a, shock, DI C and
cardiac arrest. Approximately 28 hours after ingestion, 7614 pg/L of 1, 2-
di chl oropropane was found in the subject's blood and, after 29 hours, the
concentration found was 6900 pg/L. At autopsy, the concentration of 1,2-
di chl oropropane was deternined in several tissues; brain tissue contained
18,005 ug/ L, cerebellar tissue contained 39,890 ug/L and adi pose tissue
cont ai ned 531, 840 ug/ L.

2.5 LEVELS I N THE ENVI RONMVENT ASSOCI ATED W TH LEVELS I N HUVAN Tl SSUES
AND/ OR HEATH EFFECTS

Rubi n (1988) described health effects as a result of an accidenta
spill of 2000 gallons of 1,2-dichloropropane in 1981. The conplaints from
t hose exposed included chest disconfort, dyspnea, and a cough, suggesting
that 1, 2-dichloropropane is a respiratory tract irritant. The concentration
of 1,2-dichloropropane in the air was not determ ned, so the health effects
cannot be correlated |evel.

Anpore and Hautal a (1983) odor thresholds of 214 industrial chem cals,
1, 2-di chl oropr opane, and conpared these values with the
Threshold Limt Values (TLV) recomrended by the ACAH. The air odor
t hreshol d of 1, 2-dichloropropane is 0.25 ppm The study reported that 50-
90% of di stracted persons woul d perceive the odor of 1,2-dichloropropane at
the TLV of 75 ppm The experinent was done with di stracted persons, and not
persons focused on detecting an odor, in order to better sinulate the work
environnent. It is likely that unacclinmated people would snell 1,2-
di chl or opr opane before experiencing significant exposure.

i ncl udi ng
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Ghittori et al. (1987) evaluated the Biol ogical Equival ent Exposure
Limt (BEEL) for nine solvents, including 1,2-dichloropropane. BEEL refers
to the concentration of a substance in a biological conpartnment when the
environnent al exposure | evel through the Iungs equals the Threshold Limt
Val ue (TLV). Ghittori et al. (1987) used urinary concentration of 1,2-
di chl oropropane as a biological indicator and correlated it with the TLV. A
linear relationship between breathing zone concentration and urinary
concentrati on was obtained. This relationship is displayed graphically in
Fi gure 2-3.

Cramer et al. (1988) introduced a nmethod for the detection of volatile
conmpounds, including 1,2-dichl oropropane, at parts per trillion (ppt) levels
in whole blood (see Table 6-1). This method was validated using bl ood
sanples froma small popul ati on. Based on the nethod validation data, this
nmet hod appears reliable and, in the future, nay be routinely used to detect
organi ¢ chem cals in hunman whol e bl ood.

Wal | ace et al. (1982) monitored 1, 2-dichloropropane and other volatile
organi ¢ conmpounds in the breathing-air zone, in drinking water and in
exhal ed breath at a petrochenical area in Texas and in a non-industrial area
in North Carolina. In this study, it was determ ned that inhalation was the
mai n route of exposure to volatile organic conpounds. No 1, 2-

di chl or opr opane, however, was found in the anmbient air or in expired breath
at either test site.

2.6 TOXI COKI NETI CS
2.6.1 Absorption
2.6.1.1 Inhal ati on Exposure

No studies were |ocated regarding the rate and extent of absorption of
1, 2-di chl oropropane follow ng inhal ati on exposure of hunans. During the
first 24 hours after a 6-hour exposure of rats to “C-1,2-dichl oropropane
(5, 50, or 100 ppm, 71-88% of the recovered dose was found in the excreta,
wi th 55-65% of the recovered dose found in the urine and 16-23% of the
recovered dose found in expired air as “CO (Tinchal k et al. 1989). These
dat a suggested that 1,2-dichloropropane was absorbed through the Iungs. The
data indicated that 1,2-dichloropropane was rapidly absorbed according to a
zero-order input, but that absorption was not linear with respect to the
concentration of 1,2-dichloropropane. The aut hors assuned that 60% of the
i nspired concentration of *C-1,2-dichl oropropane was absorbed, but the
basis for this assunption was not reported (Tinchalk et al. 1989). Sato and
Nakaj i ma (1979) neasured the blood/air partition coefficient of 10.7 for
1, 2-di chl oropropane indicating that 1,2-dichloropropane is readily absorbed
fromthe | ungs.
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FIGURE 2-3. Relationship Between Breathing Zone Concentration
of 1,2-Dichloropropane and Urinary Concentration

Source: Ghittori et al. 1987
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2.6.1.2 Oral Exposure

No studies were |ocated regarding the rate and extent of absorption of
1, 2-di chl oropropane followi ng oral exposure of hunans. Studies in rats hy
Hutson et al. (1971) and Tincthal k et al. (1989), which found that an average
of 74-95% of the “Clabeled 1, 2-dichl oropropane dose was excreted in the
urine or in expired air within 24 hours of dosing, suggest that 1, 2-
di chl oropropane is readily and extensively absorbed fromthe
gastrointestinal tract. This is supported by the fact that only 0.5% of the
adm ni stered dose renained in the gut 4 days after admnistration (Hutson et
al. 1971).

2.6.1.3 Dermal Exposure

No studies were |ocated regarding the rate and extent of absorption of
1, 2-di chl oropropane foll owi ng dermal exposure of humans or aninmals. That
1, 2-di chl oropropane i s absorbed by the skin can be inferred fromthe
lethality observed in rabbits follow ng dermal exposure (see section 2.2.3.1
on Death followi ng dernal exposure).

2.6.2 Distribution
2.6.2.1 Inhal ati on Exposure

After rats were exposed for 6 hours to 5, 50, or 100 ppm “C- | abel ed
1, 2-di chl oropropane, the radioactivity was well distributed anong the najor
tissues, with the highest concentration in the liver, kidney, lung, and
bl ood (Tinchal k et al. 1989).

2.6.2.2 Oral Exposure

Perbellini et al. (1985) described a case of a |l ethal overdose froma
single ingestion of 1,2-dichloropropane. Death occurred 30 hours after
i ngestion. At autopsy, 18,005 pg/L 1,2-dichl oropropane was found in the
brain tissue, 39,890 ug/L was found in the cerebellar tissue, and 531, 840
pg/ L was found in adi pose tissue.

Tinchal k et al. (1989) observed that 48 hours after administration of
“C-| abel ed 1, 2-di chl oropropane, the radioactivity was well distributed
anong the major tissues, with liver having the highest concentration. The
di stribution of radioactivity in the tissues of rats was sinilar follow ng
i nhal ati on and oral exposure to 1,2-dichloropropane in the Tinthal k et al
(1989) study, with the exception of high l|evels of radioactivity found in
the lungs only after inhalation exposure. In a study by Hutson et a
1971), rats were administered one dose of 4.0 ng kg 1, 2-dichloro(l-
“C) propane. Approximately 1.5% and 3.5% of the “C dose were found in the
skin and carcass, respectively, after 96 hours.
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2.6.2.3 Dermal Exposure

No studies were | ocated regarding the distribution of 1,2-
di chl oropropane foll owi ng dermal exposure.

2.6.3 Metabolism

No studies were | ocated regarding the metabolismof 1,2-dichloropropane
foll owi ng dermal exposure in humans or in aninals.

Hut son et al. (1971) administered 4.8 ng/ kg 1, 2-di chl oro(l -*C) propane
orally to rats and 42.4% of the given dose was nmeasured in the expired air
after 96 hours. OF the 42.4% 19.3%was expired as (**C)C0,, indicating
t hat extensive netabolismof 1,2-dichloropropane had occurred.

Jones and G bson (1980) adm ni stered one dose of 100 ny/ kg/ day
intraperitoneally to rats and nmeasured the anount of 1,2-dichloropropane in
the expired air, They found 5% of the adm nistered dose after 0-3 hours,
and 5% of the dose after 9-18 hours, indicating that the 1, 2-dichl oropropane
is transported in the blood and expired by the |ungs.

Tinchal k et al. (1989) described the time course of 1, 2-dichloropropane
in the bl ood as a one-conpartnment open pharmacokinetic nodel, with zero-
order input and first-order elimnation. In rats exposed to 50 or 100 ppm
1, 2-di chl or opr opane vapors for 6 hours, the peak bl ood concentrations were
17- to 19- and 68- to 84-fold higher, respectively, than the peak bl ood
concentration of the 5 ppm group. This dose-dependent non-linearity of
bl ood cl earance suggests that nmetabolismand/or elimnation of 1,2-

di chl or opr opane becones saturated with increasing concentrations (Tinthalk
et al. 1989).

The major urinary nmetabolites in rats treated by gavage or exposed to
1, 2-di chl oropropane vapors are N acetyl-S-(2-hydroxypropyl)-L-cysteine,
N-acet yl - S- (2- oxopropyl )-L-cysteine, and N-acetyl-S-(|-carboxyethyl)-Lcysteine.
These netabolites accounted for approximately 84% of the urinary
nmet abolites excreted (Tinchalk et al. 1989) (see Figure 2-4). Data indicate
that the three N-acetyl cystein conjugates result from 1, 2-di chl or opropane
under goi ng oxi dation, either before or after conjugation w th gl uathione.
The data al so indicate that 1,2-di chl oropropane nay conjugate with | actate,
formng CO, and Acetyl Co-A Acetyl Co-A may then enter the TCA cycle and
generate nmore CO, or may be utilized in various biosynthetic pathways. In
anot her study, 25-35% of an oral dose of 20 ng/kg/day 1, 2-dichl oropropane
admini stered for 4 days was excreted as N acetyl -S-(2-hydroxypropyl) -
cysteine. B-Chloroactate and N-acetyl -S-(2, 3-di hydroxypropyl)-cystei ne were
al so detected in the urine (Jones and G bson 1980). Similar urinary
net abolites (nercapturic acids) were detected followi ng intraperitonea
adm ni stration of 1,2-dichloropropane (Trevisan et al. 1988).
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ORAL/INHALATION ROUTES
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‘ (glutathione) (Lactate)
RN SR ~co,
)\/SR OXIDATION ASR * /’\/ o Acetyl-CoA
OH |
I I i TCA cycle
Macromolecules ‘
co,

I = N-acetyl-S-<(2-hydroxypropyl}-L-Cysteine
# = N-acetyl-S<{2-oxopropyl)-L-Cysteine
Ml = N-acetyl-S<{1-carboxyethyl)-L-Cysteine

Figure 2-4. Proposed Metabolic Scheme for 1,2-Dichloropropane in the Rat
(R = N-acetylcysteine).
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Repeat ed exposure of rats to 1 ng kg/day 1, 2-dichl oropropane via gavage
for 7 days following a single dose of “C|abeled conpound resulted in
enhanced oxi dative metabolism (increased CO, formati on) and reduced
radi oactivity excreted in the urine conpared to rats receiving only the
singl e-1 abel ed dose (Tinthal k et al. 1989).

Van Dyke and Wneman (1971) determned that 5.8%of (*d)1,2-
di chl oropropane was enzymatically dechlorinated in vitro by an enzyne system
found in hepatic mcrosones. This system required NADPH and oxygen and was
i nduci bl e by phenobarbital and benzpyrene, but not by nethyl chol ant hr ene.
The optimum pH of the system was 8. 2.

2.6.4 Excretion
2.6.4.1 Inhal ati on Exposure

In rats exposed to 5, 50, or 100 ppm of “C-|abel ed 1, 2-dichl or opr opane
vapors for 6 hours, the principal routes of elimnation were the urine and
expired air; 55-65%of the recovered does was excreted in the urine, expired
CO, accounted for 16-23% of the recovered dose, and 1.7, 2.1-3.4, and 6. 3-

6. 7% of the recovered dose was expired as organic volatiles in the 5, 50,
and 100 ppm groups, respectively. The majority of the adm nistered dose was
excreted within the first 24 hours after exposure (Tincthalk et al. 1989).

2.6.4.2 Oral Exposure

In a study by Hutson et al. (1971), rats were adninistered one dose of
4.0 ng/kg 1,2-dichloro(1 -*C) propane by gavage. In the first 24 hours, 80-
90% of the “C dose was excreted in the urine, feces, and expired air.
After 24 hours, nmales had excreted 48.5% of the dose in the urine and 5. 0%
of the dose in the feces. Femal es had excreted 51.9% of the dose in the
urine and 3.8% of the dose in the feces in the sane tine period. Therefore,
the percentage of radioactivity in expired air after 24 hours ranged from
24.3-36.5% of the dose in both sexes. Simlar results were observed in rats
adm ni stered 1 or 100 ng/ kg of “C-1abel ed 1,2-dichloropropane (Tinthal k et
al. 1989). In a separate experiment, 42.4% of the administered C dose of
4.8 mg/ kg 1, 2-dichloro(l-"C)propane was detected in the expired air after
96 hours (Hutson et al. 1971).

In rats exposed to 1 ng/kg of “C-I|abeled 1,2-dichl oropropane, 31-36%
of the dose was expired as CO,and 0.14-1.13% as volatile organics. In
animal s treated with 100 ng/ kg, 23-27% of the | abel was expired as CQO, and
10-16% as vol atil e organics. The differences between the two groups were
statistically significant. In the 100 ng/ kg groups, 82% of the exhal ed
vol atile organics were identified as 1, 2-dichloropropane (Tinchal k et al
1989).

Trevisan et al. (1988) adninistered 1, 2-dichl oropropane
intraperitoneally to rats and determined that it is excreted in the urine in
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the formof nmercapturic acids, N acetyl-S-(2-hydroxypropyl)cysteine and N acetyl -
S- (2, 3-di hydroxypropyl )cysteine. A non-linear, dose-dependent

excretion was observed with the maxi mum excretion seen 9 hours after

i njection.

2.6.4.3 Dermal Exposure

No studies were | ocated regarding the excretion of 1,2-dichloropropane
foll owi ng dermal exposure.

2.7 I NTERACTI ONS W TH OTHER CHEM CALS

A common soil fum gant known as D-D consists of 1,2-dichl oropropane
(27.1%, 1, 3-dichloropropene (53%, related conpounds and 1%
epi chl orohydrin. Nater and Gooskens (1976) reported three incidences of
exposure to DD which resulted in dermatosis. Patch testing suggested the
exi stence of a contact allergic sensitivity to DD in one of the patients.
Patch tests with conmponents of D D suggest that the cause of the contact
allergy is with the dichl oropropene conponent.

Shell O Co. (1982) studied the toxic effects of 1,2-dichloropropane
(l'ight ends) which is a mxture of 65% 1, 2-di chl oropropane and vari ous ot her
di chl or opr opane/ di chl or opropenes. The oral LD, in rats was 487 ng/ kg (95%
confidence limts, 387-613 ng/kg), which was found in fairly good agreenent
with the LD,, value of 604 ng/kg, calculated on the basis of the additive
ef fects of the major conmponents of the mixture, indicating that potentiation
of toxicity was not occurring. The 24-hour percutaneous LD, in rats was
greater than 2340 ng/ kg (the maxi num dose vol une that could be applied).

The Draize skin irritancy test showed necrosis of fermale rabbit skin with a
| ess severe effect seen in males. In both sexes, skin reactions persisted
at 21 days after dosing. The mixture was nildly irritating to rabbit eyes
with a severe initial pain reaction. The mixture was a strong sensitizer in
gui nea pigs (19/20 positive after 24 hours, 16/20 after 48 hours).

Shell GOl Co. (1983) studied the genotoxic effects of a m xture of

di chl or opr opanes and di chl oropropenes in which 1, 2-di chl oropropane was the
maj or conponent (65% . Conmpound-rel ated effects were observed with severa
strains of Sal nonella that contained base substitution nmutations, and with
Saccharonmyces. Simlar effects were found with 1, 3-di chl or opropene (25% of
m xture), indicating that the mutagenic response nay have been due to 1, 3-
di chl oropropene. The mixture did not mutate rat liver cells (RL4) in
vitro.

Parker et al. (1982) exposed CD-1 mice and F344 rats to mxtures of DD
[1, 3-di chl or opropene (52% /1. 2-di chl or opropane (29%] at concentrations of
0, 5, 15 or 50 ppm 6 hours/day, 5 days/week for 6 or 12 weeks. Exposure-
related effects in the animals exposed to 50 ppm D-D i ncl uded i ncreased mean
[iver/body weight ratios in nale rats, increased nean ki dney/body wei ght
ratios in fenmale rats and slight to noderate diffuse hepatic enlargenent in
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mal e nmice after 12 weeks of exposure. No exposure-related effects were
found at the | ower exposure |evels.

Linnett et al. (1988) studied the effects of subchronic inhalation of
D-D (1, 3-dichl oropropene (53.7%/1, 2-di chl oropropane(25.6% ) on reproduction
in male and fermale rats. Exposures up to 90 ppmfor 10 weeks had no effects
on the libido, fertility, or norphology of the reproductive tracts of nale
or fermale rats.

In animals, the joint toxicity of 1,2-dichloropropane was assessed with
a variety of different conpounds since environnental or occupationa
exposures to chemicals usually occur in combination with other chemicals.
Pozzani et al. (1959) determined that 1,2-dichloropropane has an additive
toxic effect (LD,, assessed) when given orally or by inhalation to rats with
1,1, 2-trichl oroethane, and when given with both ethyl ene dichloride and
perchl oroet hyl ene. Drew et al. (1978) reported that inhalation of 1,2-
di chl oropropane in conbination with trichloropropane by rats did not result
in a greater-than-additive toxic effect (serum enzymes assessed: SCOT, SGPT
G 6- phosphat ase, ornithine carbanyl transferase). Tsulaya et al. (1979) and
Si dorenko et al. (1976, 1979) determ ned that inhalation of 1,2-
di chl oropropane has an additive effect in rats and mce when given in
conbination with 1,2,3-trichloropropane and perchl oroet hyl ene (effects on
lung, liver and nervous system assessed).

2.8 POPULATI ONS THAT ARE UNUSUALLY SUSCEPTI BLE

No popul ations with unusual or increased susceptibility to the health
ef fects of 1, 2-dichl oropropane could be identified based on the avail able
literature.

2.9 ADEQUACY OF THE DATABASE

Section 104 (i) (5) of CERCLA, directs the Adm nistrator of ATSDR (in
consultation with the Adm ni strator of EPA and agenci es and prograns of the
Public Health Service) to assess whether adequate information on the health
effects of 1,2-dichloropropane is avail able. Where adequate information is
not available, ATSDR, in cooperation with the National Toxicol ogy Program
(NTP), is required to assure the initiation of a program of research
designed to determ ne these health effects (and techni ques for devel opi ng
net hods to determ ne such health effects). The foll owi ng di scussion
hi ghlights the availability, or absence, of exposure and toxicity
i nformati on applicable to human health assessment. A statement of the
rel evance of identified data needs is also included. In a separate effort,
ATSDR, in collaboration with NTP and EPA, will prioritize data needs across
chemical s that have been profil ed.
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2.9.1 Existing Information on the Health Effects of 1,2-Di chl oropropane

The existing data on health effects of inhalation, oral, and dernal
exposure of humans and aninmals to 1, 2-dichl oropropane are sunmarized in
Fi gure 2-5.

Data regarding the toxic effects of 1,2-dichloropropane on humans
result solely fromcase reports of people exposed by inhalation, ingestion
or skin exposure. The case reports contain information regarding the
| ethal and system c effects of acute inhalation and oral exposure to the
agent. These reports indicate that 1,2-dichloropropane primarily affected
the central nervous system |I|iver, and kidneys, but respiratory and
hemat opoi eti ¢ system alterati ons were al so observed. Chronic derma
exposure to 1, 2-dichloropropane in aerosol formin the workplace resulted in
dermatitis.

There are data regarding the lethality and toxic effects of 1, 2-
di chl oropropane in ani mals exposed by inhalation for acute and internedi ate
time periods. The central nervous system respiratory system liver, and
ki dney are the nmjor target organs of 1,2-dichloropropane toxicity.
Hemat ol ogi cal effects are also reported. Alinmted study on the
carcinogenicity of 1,2-dichloropropane in mce after inhalation exposure
has been done and has suggested that 1,2-dichl oropropane was carci nogenic
(see Section 2.2.1.8), but the study is unreliable (high nortality occurred
in the exposed group; tunor incidence in controls was not reported;
nor phol ogy of the hepatonmas was i nadequately characterized) so no
concl usi ons nay be drawn.

Data are available regarding the lethality and toxic effects of 1,2-
di chl oropropane in animals orally exposed for acute, intermedi ate and
chronic tine periods. These data show that the liver is the main target
organ for the toxic effects of 1,2-dichloropropane; effects on the
hemat ol ogi cal and nervous systens were al so observed. An increase in the
i nci dence of a devel opnental effect in rats (delayed ossification of the
bones of the skull) was al so observed. The carcinogenicity in rats and mnice
after chronic oral exposure to 1,2-dichloropropane was assessed and
carci nogeni c potential was found in both species: there was equivoca
evidence in female rats (chenically related margi nal increase in
adenocar ci nonas of the manmary gl and), no evidence in male rats (no
chemcally related increases in neoplasns), and sonme evidence in nale and
femal e mice (chemically increased incidence of hepatocellul ar neopl asns).

Application of 1,2-dichloropropane to the skin or eye of rabbits
produced irritation. Application to the skin of rabbits has al so produced
deat h.

No genotoxic effects were found in a donminant-lethal study in rats.
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Cenotoxicity data in bacteria, fungus, Drosophila and nanmalian cel
I ines was eval uated. The preponderance of data indicate that 1, 2-
di chl oropropane ,is nutagenic in these systens.

2.9.2 Data Needs

Si ngl e Dose Exposure. Information regarding single inhalation and ora
exposure of various animal species to 1, 2-dichloropropane provides
information on lethal effect |levels. The limted data available on the
non-|l ethal effects of a single dose of 1,2-dichloropropane show effects on
the Iiver and ki dney. Mrre studies that use non-Ilethal doses and exam ne
ti ssues histologically mght provide infornmation on dose-response
rel ati onshi ps and nechani sns of lethality and toxicity. Single dose dernal
and ocul ar studies in rabbits have shown that 1,2-dichloropropane is a skin
and eye irritant. Additional observations in other species of aninmals
dermal | y exposed to 1, 2-dichloropropane would help to nore fully
characterize the irritative effects of this chem cal

Repeat ed Dose Exposure. Avail abl e repeated exposure inhalation and
oral studies of 1,2-dichloropropane provide information on the |lethal and
non-lethal effects in various species of aninals. The major target organs
for the effects of 1,2-dichloropropane are the central nervous system liver
and ki dney, and effects on the respiratory, hematol ogi cal systems and body
wei ght were al so seen. Repeated dose dermal studies with aninmals are not
avai | abl e but would provide infornation on the possible system c effects of
1, 2-di chl oropropane. Since occupational dermal exposure has resulted in
dermatitis in humans, repeated dernal dose studies in aninmals night also
provide information on allergic responses as well as local irritation

Chroni ¢ Exposure and Carcinogenicity. Well-conducted chronic ora
gavage studi es provide infornation on the systenic and carcinogenic effects
of 1, 2-dichloropropane in rats and mce. Chronic inhalation, oral drinking
wat er, and dermal aninal studies are not available but could provide
information on simlarity of systenmic effects across routes and dose-
response data that may be useful for human health risk eval uation. These
studi es may al so hel p categorize the carcinogenic potential of 1,2-

di chl oropropane i n humans.

Genotoxicity. The avail abl e genotoxicity studies conducted with

bacteria, fungus, and mammalian cell lines indicate that 1, 2-dichloropropane
is genotoxic in sone systens. A dominant-lethal study in rats resulted in
no genotoxic effects, but further in vivo studies with mammals will help

fully characterize the genotoxic potential of 1,2-dichloropropane, with
regard to potential for heritable nutations, chronpsonal damage, and
chronosonal aberrations. Cell transfornation studies may al so be useful to
augnment car ci nogenesi s bi oassays.
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Repr oductive Toxicity. Hi stological exani nation of the reproductive
organs of fenale rats and mice exposed orally to 1,2-dichl oropropane for
subchronic or chronic durations, showed inflanmation of the uterus and ovary
and hyperplasia of the manmary gland. It was not found concl usively that
these effects were conmpound-related; this uncertainty and the fact that
limted hunan data (netrorrhagi a) suggest an adverse effect on the
reproductive system suggests that additional studies examning the effects
of 1, 2-dichl oropropane on the femal e reproductive organs are desirable.

Mal e and fenml e reproductive organs in rodents were also histologically
exam ned after subchronic and chronic oral exposure but no conpound-rel at ed
| esions were found. A 2-generation oral reproduction study is nowin
progress, and the results of these studies will provide further information
regardi ng any reproductive effects of 1,2-dichloropropane in animals, which
then may be related to possible reproductive effects in humans. Studies
exam ning the reproductive effects of 1,2 dichloropropane foll ow ng

i nhal ati on and dernmal exposure of animals would al so be hel pful in assessing
the potential effects in hunmans.

Devel opnental Toxicity. Toxic effects in rats (del ayed ossification of
t he bones of the skull) have been found followi ng oral exposure to 1, 2-
di chl oropropane. Further studies using a greater range of doses and studies
testing other relevant routes of exposure would provide information on
possi bl e fetotoxic and teratogenic effects in animals that mght be rel evant
to hunans.

| mmunot oxi city. Subchronic and chronic oral studies in rats and nice
have found no adverse effects after histological exanm nation of organs and
ti ssues of the immnol ogi cal system but a battery of immunotoxicity tests
have not been perforned. A decrease in thynmus weight and a decrease in
cortical lynmphoid cells were found in nmice followi ng acute inhalation
exposure to 1, 2-dichl oropropane, but no tests of imunol ogical function were
perfornmed. These studies in aninals by rel evant environnental routes would
provide a better assessnent of inmunotoxic effects than histol ogica
exam nation of organs and tissues. Two case studi es suggested that 1, 2-
di chl oropropane may sensitize humans. Testing in animals to determni ne the
dose and tine of exposure needed to sensitize aninmals would be helpful in
determ ning | evels of 1,2-dichloropropane |leading to sensitization in ,
humans.

Neurotoxicity. Signs of central nervous systemtoxicity have been seen
in humans after both inhalation and oral exposure. Signs of central nervous
systemtoxicity were found in animals acutely exposed to 1, 2-dichl oropropane
by inhalation and in aninmals treated orally with 1, 2-dichl oropropane (acute
and subchroni c exposures). Functional Observational Batteries have been
perfornmed on rats acutely exposed to 1, 2-dichl oropropane and neurol ogi ca
effects (decrease in activity) were found at >300 ng/ kg/day. A battery of
tests by other relevant routes of exposure and the assessnent of
neur opat hol ogy usi ng specialized fixation nethods woul d provide further
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i nformati on on the neurotoxicity in animals, which my relate to possible
neurotoxic effects in humans.

Epi deni ol ogi cal and Hurman Dosinmetry Studies. |In humans, 1, 2-
di chl oropropane primarily affects the central nervous system |iver and
ki dney. This information comes from case studi es where patients either
i nhal ed or ingested 1, 2-di chl oropropane, accidentally or as a suicide
attenpt. The only occupational exposure was reported in a Polish study in
whi ch two wonen out of sixty that were dernally exposed to liquid 1, 2-
di chl oropropane devel oped allergic dermatitis. The nost |ikely routes of
exposure for the United States general population are through inhalation of
cont am nated anbient air or consunption of contam nated drinking water. As
di scussed in Chapter 5, the use of 1,2-dichloropropane as a consuner sol vent
and as a soil fum gant has been di scontinued. 1,2-Dichloropropane is now
used as a comercial solvent, but only in closed systens. Therefore,
exposure to the general population via inhalation should be nmuch | ower than
in the past. The nost likely exposure to humans is the consunption of
contam nated drinking water resulting fromthe use of 1, 2-dichol opropane
soi|l fumigant in agricultural areas. Elimnation of 1,2-dichloropropane
fromthe groundwater is slow so that contam nation may remain for a long and
i ndeterm nate period of tine. The nonitoring of urine and blood | evel s of
1, 2-di chl oropropane i n popul ati ons exposed to contam nated drinking water or
air (such as those living near industries using 1,2-dichloropropane as a
solvent, those |living near hazardous waste sites, or those people
occupational |y exposed) and the correlation of these levels with health
effects, may provide a basis for further epidem ol ogi cal studies.

Bi omar kers of Di sease. Secchi and Al essio (1968, 1971) reported
di fferences in hepatic enzynmes found in human serum as an indi cator of
hepatic danage resulting fromingestion of 1,2-dichloropropane. It was
found that cytoplasmic liver enzynmes found in the serumindicated | ess
severe danage to hepatocytes, while mitochondrial and |ysosomal |iver
enzynes found in the serumindicated severe |iver damage, which usually
results in death. Further epideniological studies nmay validate these
i ndices and correlate other paraneters with a particul ar di sease state
resulting fromexposure to 1, 2-di chl or opropane.

Di sease Registries. At present, the only toxicological effects of 1,2-
di chl oropropane reported in hunans are acute effects resulting from
i ngestion or inhalation of cleaning solvents containing 1, 2-di chl or opropane.
I f epidem ological studies identify particul ar di seases associated with 1, 2-
di chl or opr opane exposure, it may be possible to determ ne the nunber of
peopl e affected and the factors associated with identifying the disease in
certain popul ations, such as exposure to 1, 2-dichloropropane in the anbient
air or in the drinking water near hazardous waste sites.

Bi oavailability from Environnental Media. Detection of exposure to
1, 2-di chl oropr opane through urinalysis, blood analysis, and odor threshol ds
have been studi ed (Anobore and Hautala 1983, Ghittori et al. 1987, Cramer et
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al . 1988). Epidemi ol ogy studies that correlate |levels of 1,2-

di chl oropropane in the environnent with levels in human tissues, blood or
urine and with specific health effects would be useful. Wile no data on

t he uptake of 1,2-dichloropropane in other tissue or bodily fluids are
avail able, a pilot study denmonstrated that simlar |ow nolecul ar wei ght
chlorinated al kanes are found in human mlk (Pellizzarri et al. 1982). The
source of these pollutants was probably anbient air. The major source of
human exposure to 1, 2-dichl oropropane could be from contani nated well water
and an ani mal study (Hutson et al. 1971) indicates that it is readily
adsorbed fromthe G tract. An analysis of body fluids of those people
whose drinking water contains 1,2-di chl oropropane or who have cone into
contact (orally or dermally) with soil contam nated with 1, 2-

di chl oropropane, may allow a deternination of the existence of exposure and
bi oavailability of the chem cal

Food Chai n Bi oaccunul ation. 1, 2-Di chloropropane has not been reported
in food or biota nor were any studies located in which the uptake of this
chemical in plants or aninmals was investigated. The bi oaccunul ati on
potential for a chemical is nost conveniently studied by measuring the
bi oconcentration factor (BCF) or the concentration of a chemical in fish
di vided by the concentration in water fromwhich the chemical is taken up
Lacki ng any data on such studies for 1,2-dichloropropane, the
bi oaccunul ati on can be estimated fromits partitioni ng behavior between
octanol and water which, in turn, can be estimated from structure-activity
rel ati onshi ps. Accordingly, the BCF of 1,2-dichloropropane estinmated from
its K, is 18 (Lyman et al. 1982, Egn 5-2), indicating that there is a very
| ow potential for bioaccurmulation in the food chain

Absorption, Distribution, Metabolism Excretion. The only in vivo
t oxi coki netic data of 1,2-dichloropropane are the inhalation netabolism and
the excretion study of Tinthalk et al. (1989), oral metabolismand excretion
studies of Hutson et al. (1971) and Tincthalk et al. (1989), the ora
net abol i sm study of Jones and G bson (1980), and the intraperitonea
excretion study of Trevisan et al. (1988). These studies indicate that
i nhal ed 1, 2-di chl oropropane and orally adm nistered 1, 2-dichl oropropane are
readi |y and extensively absorbed by the gastrointestinal tract, is primarily
net abol i zed to N-acetyl-S-(2-hydroxypropyl)cysteine, and is rapidly excreted
in the urine, feces and expired air. Studies in animals of the rate and
extent of absorption and distribution followi ng exposure to all three
routes, and netabolismand excretion follow ng dermal exposure woul d provide
nore conpl ete characterization the pharnmacokinetics of 1,2-dichl oropropane,
Ghittori et al. (1987) and Craner et al. (1988) reported methods for
detection of 1,2-dichloropropane in urine and bl ood. These nethods nay
provi de nmeans of monitoring human exposure and of extrapolating results from
ani mal studies,

Conpar ati ve Toxi cokinetics. No studies were found that eval uated
di fferences in toxicokinetics between species. Toxicokinetic differences
may explain the increased sensitivity of mce to the toxic effects of 1, 2-
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di chl oropropane in conparison to other species. Ethical considerations

l[imt the anmount of information that can be obtained in humans, but analysis
of the urine of people with known exposure to the parent conpound or its

net abolites coul d provide know edge of the nmetabolic 'pathways in humans.
Qualitative and quantitative conpari son of human netabolites with those of
animals could help identify the nmost appropriate species to serve as a node
for predicting toxic effects in hunans and studying the nmechani sns of

action.

2.9.3 On-going Studies

The EPA (1987d) issued a final rule requiring the manufacturers and
processors of 1,2-dichl oropropane to conduct health effects studies. Al of
the required studies have been incorporated into this profile, except for a
2-generation oral study, which has yet to be conpl et ed.
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3.1 CHEM CAL | DENTITY

Data pertaining to the chenical identity of 1,2-dichloropropane
are listed in Table 3-1.

3.2 PHYSI CAL AND CHEM CAL PROPERTI ES

The physical and chemnical properties of 1,2-dichloropropane are
presented in Table 3-2.
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TABLE 3-1. Chemical Identity of 1,2-Dichloropropane

Value

References

Chemical name

Synonyms

Trade name(s)?

Chemical formula

Chemical Structure

Identification Numbers:

CAS Registry
NIOSH RTECS
EPA Hazardous Waste
OHM-TADS
DOT/UN/NA/IMCO

Shipping

HSDB
NCI

1,2-Dichloropropane

Propylene dichloride;
propylene chloride;
2,3-dichloropropane; 1,2-D

D-D Mixture; Nemex; Vidden D

D-D; Dow-421; Terr-o-gas;
Dowfume NC; Vorlex; EP-201;
D-D Pilfume; Terr-o-cide;
New Fieldfume; Dorlone

CaHgClo

H H H
C1—C—C—C—H
H ClBH

78-87-5

TX9625000

U083

7216876

Propylene dichloride;
UN 1279; IMCO 3.2
1102

C55141

CAS 1988

CAS 1988, SANSS
1988; Cohen 1986

Bennett 1981,
1982, 1983;
OHM-TADS 1988;
Ali et al. 1986;
HSDB 1988;

EPA 1979

CAS 1988

SANSS 1988

CAS 1988
RTECS 1988
EPA 1982
OHM-TADS 1988
OHM-TADS 1988

HSDB 1988
HSDB 1988

8Includes names of those products which contain 1,2-dichloropropane in a

mixture of compounds.

CAS = Chemical Abstracts Service
NIOSH = National Institute for Occupational Safety and Health

RTECS = Registry of Toxic Effects of Chemical Substances

OHM-TADS = 0il and Hazardous Materials/Technical Assistance Data System
DOT/UN/NA/IMCO = Department of Transportation/ United Nations/

North/America/International Maritime Dangerous Goods Code
HSDB = Hazardous Substances Data Bank by the National Library of Medicine
NCI = National Cancer Institute
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TABLE 3-2. Physical and Chemical Properties of 1,2-Dichloropropane

Property

Value

Reference

Molecular weight
Color
Physical state
Freezing point
Boiling point
Density, 20°C
Odor
Odor threshold
Water
Air
Solubility

Water
Organic solvents

Partition coefficients

Log octanol/water
Log Kgoe

Vapor pressure

Henry'’s Law constant

Autoignition temperature

Flash point, closed cup

112.99
Colorless
Liquid
-100.44°C
96.37°C

1.15597
Chloroform-1like

0.010 ppm (w/v)
0.25 ppm (v/v)

2,700 mg/L (20°C)
Miscible with most
common solvents

1.99 (estimated)
1.678

49.67 mm Hg (25°C)
2.07x10"3 atm-m3/mol
(24°0C)

1.67x10°3 atm-m3/mol
(24°C)

557°C

16°C

Riddick et al. 1986
Hawley 1981

Riddick et al. 1986
Riddick et 2i. 1986
Riddick et al. 1986
Riddick et al. 1986

Hawley 1981

Amoore and Hautala 1983
Amoore and Hautala 1983

Horvath 1982
Hawley 1981

EPA 1988b
Chiou et al. 1979

Riddick et al. 1986
Mackay and Yeun 1983

Chiou et al. 1980

Parrish 1983

Parrish 1983
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TABLE 3-2 (continued)

Property - Value Reference

Flammability limits 3.4 to 14.5 vol % Parrish 1983

Conversion factors
mg/m3 to ppm (v/v)
in air (20°C) 1 mg/m3 = 0.21 ppm (v/v)

8Using Koe = 1.724 Koy
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4.1 PRODUCTI ON

1, 2-Di chl oropropane is produced by Colunbia Organics in Cassatt, SC,
Dow Chemical in Freeport, TX and Dow Chemi cal in Plaquem ne, LA (SR 1988
USI TC 1987); however, Dow Chem cal Company is the only manufacturer of the
i solated chemical in the United States (EPA 1986¢). The total output of
1, 2-di chl oropropane by U. S. manufacturers renained relatively stable until
1984 when a maj or nanufacturer, Mannsville Chem cal Products Corporation
di sconti nued production (I ARC 1986). The donestic production volune of 1, 2-
di chl oropropane during 1984 was 59.8 mllion pounds (I ARC 1986). Over 95%
of the approximately 75 million pounds produced in 1982 was used on site as
a captive chemical intermediate in the production of perchloroethyl ene and
ot her chlorinated products (EPA 1986¢c, Dow Chem Co. 1983). Hi gh-purity
1, 2-di chl oropropane, nmarketed as a solvent, is obtained as a by-product of
t he synthesis of propyl ene oxide by the chl orohydrin process. The high-
purity product may al so be obtained by the reaction of propyl ene and
chlorine in the presence of an iron oxide catalyst at noderate tenperature
(45°C) and pressure (25-30 psia). Pesticide products that contain 1, 2-
di chl oropropane were distillates of the chlorination of propylene (IARC
1986) . However, Dow discontinued production of 1,2-dichloropropane for
agricultural use, and pesticidal formulations containing this chemical, such
as D-D, are unavailable in the U S. (Mister 1987). By 1983, 1, 2-
di chl oropropane was no | onger sold for consumer use in paint strippers,
pai nt varnish, and furniture finish removers (EPA 1986c¢c; Dow Chem Co.
1983). This indicates that production for sale, as opposed to interna
consunpti on by manufacturers, has been greatly curtailed in the early 1980s.

4.2 1 MPORT

Mobay Corporation inmported 1 mllion I bs of 1,2-dichloropropane from
the German Federal Republic in 1986 (EPA 1987c). Mobay currently inports
1, 2-di chl oropropane fromthe Gernman Federal Republic on an as-need basis on
custonmer's request, Qther data pertaining to the inmport of 1,2-
di chl oropropane were not |ocated in available literature.

4.3 USE

Based on 1982 production data supplied by Dow (EPA 1986c¢c), it has been
estimated that over 95% of the isolated product manufactured by Dow Chenica
is used on-site as a captive internediate in the production of
per chl or oet hyl ene and other chlorinated products by their 'per-tet' process
(EPA 1986c, Dow Chem Co. 1983). Approximately 3 mllion pounds per year of
di chl or opr opane was marketed by Dow Chenmical in 1982 for use as an
i ndustrial solvent for oils, fats, resins, waxes, and rubber, in ion
exchange manufacture, in toluene diisocyanate (TDlI) production, in
phot ographic filmnanufacture, for paper coating, and for petrol eum catal yst
regeneration (HSDB 1988; | ARC 1986; EPA 1986c¢c). As of 1982, Dow Chem cal no
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[ onger sold 1, 2-dichloropropane for use as a solvent in paint strippers,
pai nt, varnish, and furniture finish renovers as a |lowcost alternative to
net hyl ene chloride. It had been a conponent of 10 of,these products (EPA
1986¢). By the end of 1983, its use as a solvent for film production was to

be phased out in favor of I,l,l-trichloroethane (Dow 1983). According to
Dow (1989), the phaseout of use of 1,2-dichloropropane as a solvent for film
production had not occurred as of June, 1989, although it is still planned.

They further stated that the use of 34%in TDI producti on has now been

di scontinued, Qutside of its use as a chemical intermediate, Dow Chem ca
Conpany's use pattern for 1,2-dichloropropane in 1982 was 41%in ion
exchange manufacturing, 34%in toluene diisocyanate (TDl) production, 19%in
phot ographic film production, 4% in paper coating, and 2% in petrol eum

catal yst regeneration (Dow 1983).

An estimated 20 nillion pounds/year of dichl oropropane were produced as
a by-product in a mxture nmarketed as a soil fum gant which had been used in
the cultivation of a variety of crops, including citrus fruits, pineapple,
soya beans, cotton, tomatoes, and potatoes (| ARC 1986; HSDB 1988). Dow has
di sconti nued production of soil fumigants containing 1, 2-dichloropropane,
and pesticidal formulations containing this chenmical are no | onger avail able
inthe US (Mister 1987). OQher uses for 1,2-dichloropropane include an
internediate in the synthesis of carbon tetrachloride, |ead scavenger in
gasoline, textile stain renmover, oil and paraffin extractant, scouring
conmpound, and netal degreasing agent, especially prior to electroplating
(I ARC 1986). However, the | argest nanufacturer of 1,2-dichloropropane, Dow
Chemical Co. (1989), is not aware of its current uses as a |ead scavenger in
gasoline, textiles, stain renover, oil and paraffin extractant, scouring
conpound, and netal degreasi ng agent.

4.4 DI SPOSAL

I nci nerati on under controlled conditions appears to be the nost viable
nmet hod of disposal for 1, 2-dichloropropane (OHW TADS 1988; HSDB 1988). It
is reported that Dow Chenmical incinerates 7 nillion pounds of 1, 2-
di chl oropropane annual | y (EPA 1986c¢). Disposal through the use of a liquid
injection incinerator requires a tenperature range of 650 to 1600°C and
residence time of 0.1 to 2 seconds. A rotary kiln incinerator requires a
tenperature range of 820 to 1600°C and a residence tine of seconds. A
fluidized bed incinerator requires a tenperature range of 450 to 980°C and a
resi dence tinme of seconds (HSDB 1988). Were | and di sposal of waste residue
cont ai ni ng 1, 2-di chl oropropane i s sought, environnental regul atory agencies
shoul d be consulted on acceptabl e di sposal practices (HSDB 1988). 1, 2-
Di chl or opropane nay al so be a constituent of wastewater streams where it
woul d be susceptible to renoval by air stripping (EPA 1986c).

4.5 ADEQUACY OF THE DATABASE

Section 104 (i) (5) of CERCLA, directs the Adm nistrator of ATSDR (in
consultation with the Adm nistrator of EPA and agenci es and prograns of the
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Public Health Service) to assess whether adequate information on the health
ef fects of 1,2-dichloropropane is avail able. Where adequate information is
not avail abl e, ATSDR, in cooperation with the National Toxicol ogy Program
(NTP), is required to assure the initiation of a program of research
designed to determ ne these health effects (and techni ques for devel opi ng
nmet hods to determ ne such health effects). The foll owi ng di scussion

hi ghlights the availability, or absence, of exposure and toxicity

i nfornati on applicable to human health assessnent. A statenment of the

rel evance of identified data needs is also included. In a separate effort,
ATSDR, in collaboration with NTP and EPA, will prioritize data needs across
chemi cal s that have been profil ed.

4.5.1 Data Needs

Production, Inport, Use, and D sposal. Production nethods for 1, 2-
di chl oropropane are described in the literature. Wile former major uses of
1, 2-di chl oropropane are known, there has been a phasing out of many of the
applications with the greatest potential for popul ati on exposure. Current
i nformati on concerni ng production volunme and use is lacking. This type of
infornmation is absolutely necessary for estinating the potential for
environnental releases fromvarious industries, as well as potentia
concentrations in the environnmental. Knowl edge of what consuner products
contain 1, 2-di chl oropropane is essential for estimating general popul ation
exposure. Unfortunately, this type of information is difficult to obtain in
detail since conpanies consider it to be confidential business information
According to the Energency Planning and Conmunity Right to Know Act of 1986
(EPCRTKA), (8313), (Pub. L. 99-499, Title Ill, 8313), industries are
required to submt release information to the EPA. The Toxic Rel ease
Inventory (TRI), which contains release information for 1987, becane
avail able in May of 1989. This database will be updated yearly and shoul d
provide a nore reliable estinmate of industrial production and em ssion
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5.1 OVERVI EW

1, 2-Di chl oropropane i s a man-made chem cal whose presence in the
environnent results from anthropogenic activity. Em ssion sources of 1, 2-
di chl oropropane include process and fugitive enissions fromits production
and use as a chemical internediate and industrial solvent, and evaporation
fromwastewater streams. Many of the major uses of 1,2-dichloropropane,
other than as a chenical internediate and industrial solvent, have been
elimnated or curtailed. Mst inportantly, all uses with significant
consuner and general popul ati on exposure nay have been elimnated in the
U S. 1,2-Dichloropropane is no |onger used as a soil fumgant in the United
States, a use that has been responsible for polluting groundwater supplies
in sone agricultural areas. Its mgjor producer, Dow Chenical Conpany, has
recommended that it no | onger be used in paint stripping fornul ations,
varni sh, and furniture finish renovers, uses with potential for w despread
consuner and occupational exposure. Dow Chem cal Conpany asserts that
occupati onal exposure is mnimal since all their processes involving the
producti on, conversion, or disposal of 1,2-dichloropropane are in closed
systenms. Additionally, vent gas fromtheir production process is destroyed
by thermal oxidation. There is evidence that there were substantia
rel eases of 1,2-dichloropropane into wastewater by industries that use 1, 2-
di chl oropropane as a solvent. An exanple of such industries are those that
use 1, 2-di chl oropropane in the manufacture of ion exchange resins.

The maj or rel eases of 1,2-dichloropropane will be to the atnosphere and
to soil. However, when 1,2-dichloropropane is spilled on soil, landfilled,
or applied to soil, as it formerly had been, as a fumigant, it wll
partially volatilize, and the remaminder will |each into the subsurface soi

and groundwater. In one experinent in which soil was treated with 1, 2-

di chl oropropane, imredi ately covered with 12 cm of untreated soil and stored
outdoors in open jars protected fromrain, 99% of the chenical was | ost
within 10 days. Wth the elimnation of 1,2-dichloropropane's use in
agriculture, its potential for polluting groundwater has been substantially
reduced. In groundwater, where volatilization is unlikely, the principa
reactions will be hydrolysis and anaerobic biotransformation. Hydrolysis is
estimated to be very slow (half-1ife 25-200 weeks) and the potential for
anaer obi ¢ biotransformati on has not been eval uated. Therefore groundwater
supplies that are contaminated with 1, 2-di chl oropropane nay renmain so for a
| ong and indeterm nate period of tine.

The dom nant renoval process of 1,2-dichloropropane in the atnosphere
is expected to be reaction with photocheni cally-generated hydroxyl radicals
(hal f-1ife >23 days). Washout in precipitation should also occur; although
nost 1, 2-di chl oropropane renoved by this nechanismis likely to reenter the
at nosphere by volatilization. Since degradation in the atnosphere is slow,
consi derabl e di spersion of 1,2-dichl oropropane from source areas can occur
before it degrades or is renoved in washout. Besides dispersal, inportation
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of 1, 2-di chl oropropane nay al so occur fromother countries where it may be
nore widely used. Volatilization will be the primary fate process in
surface water (half-life 5.8 hr in a nodel river). In soil, 1,2-

di chl oropropane is expected to volatilize rapidly fromthe soil surface and.
to |l each into the ground, where the potential for groundwater contani nation
exi sts.

The general popul ation may be exposed to | ow | evels of 1,2-
di chl oropropane through inhal ati on of contam nated anbient air, consunption
of contami nated drinking water, or dernal contact. Wth the elimnation of
its use as a soil fum gant and curtailnment of its use in paint strippers,
varni shes, and furniture finish renovers, exposure of the general popul ation
to 1, 2-di chl oropropane by inhal ation or dermal contact should be nuch | ower
than it once was. Any groundwater supplies that are already contani nated,
may remain so for a long tinme. A 1981-1983 National Occupational Exposure
Survey (NOES) by NIOSH estimated that 2119 non-agricul tural workers,
i ncluding 949 females, were potentially exposed to 1, 2-dichl oropropane in
the United States. The nunmber of exposed workers should be much | ower now
because of the chemnical's dininished use. Cccupational exposure is primrily
by i nhal ati on and dermal contact,

5.2 RELEASES TO THE ENVI RONVENT
5.2.1 Air

The total estinated annual environnmental release of 1,2-dichloropropane
from production and industrial use, primarily in the manufacture of
perchl oroet hyl ene, was 1, 146, 000 | bs (EPA 1986¢). This figure represents
rel eases regul ated by the Toxic Substances Control Act (TSCA), and therefore
excl udes pesticidal uses of 1,2-dichloropropane. O these rel eases, 772,000
[ bs were to air, 198,000 Ibs to water, and 176,000 | bs to | and di sposa
sites. They include rel eases fromprocess enissions to the air, secondary
air emssions resulting fromvolatilization during wastewater treatnent
(aeration), releases to water in wastewater effluent, em ssions to air from
i nconpl ete incineration, and | and di sposal of solid waste residues. The
i nclusion of fugitive em ssions would increase the total. Recently it has
been shown that a variety of chlorinated organi c conpounds are formed during
conbusti on of hydrocarbons when chlorine is present; two isoners of
di chl oropropane were anong the nore than 100 chemicals formed during the
conbustion of propane in the presence of HO under oxygen deficient
conditions (Eklund et al. 1987). These conditions may occur in municipa
i ncinerators and, therefore, 1,2-dichloropropane nmay be rel eased from
incinerators. A correlation of data fromthe EPA Air Toxics Emi ssion
Inventory with industrial source categories (SIC codes), shows volatile
em ssi ons of 1,2-dichloropropane from el ectroni c conponents, photographic
equi pnment and supplies, and apartnent building operators (SIC Codes 3679,
3861, 6513). (EPA 1987a).
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5.2.2 Water

The total estinmated annual environnmental releas.e of 1, 2-dichloropropane
in wastewater from production and industrial use was 198,000 | bs (EPA
1986¢). Table 5-1 shows the types of industries that discharged 1, 2-

di chl oropropane, their frequency of rel ease, and concentrations in

wast ewat er. These data cone from a conprehensive wastewater survey
conducted by EPA's Effluent Guidelines Division. Over 4000 sanpl es of

wast ewat er froma broad range of industrial facilities and publicly-owned
treatment works were analyzed in this survey. Between 1980 and 1988, 708
sanmpl es of wastewater in EPA's STORET dat abase were anal yzed for 1, 2-

di chl oropropane (STORET 1988). Ten percent of the sanples were 10 parts per
billion (ppb) or higher with a maxi num|evel of 910 ppb. Unfortunately, the
detection linmt is apparently recorded when no chemical is detected, so it
is inmpossible to say whether the 90 percentile figure represents positive
sanpl es or nerely higher detection limts.

1, 2- Di chl oropropane was found at concentrations of 5.6, 22, 60, 310 ppb
in four outfalls fromthe Dow Chem cal of Canada plant into the St. dair
River for a net |oading of 11.8 kg/day (King and Sherbin 1986). This survey
was performed as a result of puddles of chlorinated hydrocarbons discovered
on the bottomof the St. Cair R ver. These chenmicals are thought to be
products or byproducts of chlorinated hydrocarbon manufactured at this site.
Waste fromthis operation is now being incinerated but was historically
landfilled. Landfill |eachate fromthe landfill is treated with carbon and
t hen di scharged. The concentration of 1,2-dichloropropane before and after
treatment was 320 and 510 ppb. However, the carbon filter was reportedly
spent at the tinme of the survey.

Rohm and Haas in Phil adel phia, PA, a manufacturer of ion exchange
resins, discharged weekly average amounts of 1,2-dichl oropropane of 60-2250
| bs/day into the Northeast Phil adel phia Treatnent Plant during August and
Sept enber of 1981 (Hi nnegan 1981). The daily anount of 1, 2-dichl oropropane
di scharged on five days in 1979 ranged from 37.2 to 5100 | bs (Weston 1980).
The report covering the discharges in 1979 stated that on 4 days Rohm and
Haas contributed all of the 1,2-dichloropropane influent going into
Phi | adel phia's Northeast Water Pollution Control Plant (NEWPCP). On one day,
35% canme from el sewhere. At tines, all of the 1, 2-dichloropropane was
renoved in the treatnent plant. Tidal excursions of the NEWPCP effluents
affects the intake of the Baxter Drinking Water Plant, |ocated 2 niles
upstream on the Del aware River. EPA' s Phil adel phi a Geographic Area
Pol I utant Survey found that average 1, 2-di chl oropropane concentration in the
i ntake water during 1982-1983 was 1.6 ppb, indicating that 1, 2-

di chl oropropane was bei ng di scharged fromthe wastewater treatnent plant
into the Del aware River (EPA 1986~). If the typical daily discharge fromthe
Rohm and Haas plant was 500 | bs, then the annual discharge woul d have been
182,000 I bs, a figure approaching the estimted 198,000 | bs of 1, 2-

di chl or opropane di scharged into waterways for all production and industria
use. It is not clear for what year the estimated environnmental release
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TABLE 5-1. Sources of of 1,2-Dichloropropane Effluents?®

Concentration (ppb)

Industry Frequency Maximum  Medium Low
Paint and ink 3 3457.22 38,9176  29.30
Organics and plastics 2 15.93 38.92 6.25
Inorganic chemicals 14 54.30 3.31 0.74
Textile mills 2b 40.43  38.76 37.09
Plastics and synthetics 1 5.60 5.60 5.60
Rubber processing 1 0.82 0.82 0.82
Auto and other laundries 1 66.92 66.92 66.92
Pesticides manufacture 1 0.90 0.90 0.90
Photographic industries 3 121.79  36.34 3.59
Organic chemicals 16 1411.98 23.67 1.23
Publicly owned treatment works 4 52.22 24.86 1.94
Industry unknown 4 60.03 27.07 22.44

dgource: Shackelford et al. 1983.

bIncorrectly listed as 1 in reference; data are consistent with a

frequency of 2.
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figure applies and whether the releases into water include industria

di scharges that may undergo treatnent before being discharged into a

wat erway or only that which is discharged into a waterway. As of January,
1989, Rohm and Haas has di scontinued use of 1, 2-dichloropropane in the

manuf acture of ion exchange resins (Rohm and Haas 1989). There are three

ot her manufacturers of ion exchange resins in the U S. wth potentially
simlar release patterns (HSDB 1988). 1, 2-Di chl oropropane was only detected
in one sanple at 3 ppb from Eugene, OR in the National Urban Runoff Program
whi ch anal yzed runoff in 86 sanples from19 cities throughout the U S. (Cole
et al. 1984).

5.2.3 Soi

The total estinated annual environnmental release of 1,2-dichloropropane
by industry into | and disposal sites was 176,000 | bs (EPA 1986¢c). This is
not the recomended nethod of disposal and this figure may have been much
hi gher in the past.

In the past, the nmmjor source of release of 1,2-dichloropropane into
soil was fromits use as a soil fum gant for nematodes. For this purpose,
the fum gant was injected into the root zone, after which the soil was
conpacted to enhance retention of the vapor. However, 1, 2-dichloropropane is
no longer pernitted to be used in the U S. for agricultural purposes because
this use pol |l utes groundwater

Producti on of 1,2-dichloropropane for use as a solvent in consuner
products such as paint strippers, varnishes, and furniture finish renovers,
fromwhich inadvertent releases to soil (i.e. spills) would be expected, has
been di scontinued. In addition to spills, chemcals can be released into
soil from | eaking storage tanks. A case of groundwater contam nation by 1, 2-
di chl oropropane resulting froma | eaki ng underground storage tank at a paint
factory has been docunented in the literature (Botta et al. 1984).

Rel eases into the subsoil and groundwater can also result fromthe
andfilling of process residues. Four out of 11 sanmples of landfill |eachate
in Mnnesota and Wsconsin contai ned 2.0-81 ppb 1, 2-di chl or opropane (Sabe
and Clark 1984).

5. 3 ENVI RONVENTAL FATE
5.3.1 Transport and Partitioning

The relatively high water solubility of 1,2-dichloropropane suggests
t hat washout by rain should be an inportant process for renoving the
chemical fromthe atnosphere. The dom nant renoval process for 1, 2-
di chl oropropane fromsurface waters is expected to be volatilization. Based
on the neasured relative nass transfer coefficient of 1,2-dichloropropane
bet ween water and air of 0.57 (Cadena et al. 1984) and the range of
reaeration coefficients typical of relatively rapid and shall ow streans
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found in the western U S., 0.14 to 1.96 hr-1 (Cadena et al. 1984), the half-
life of 1,2-dichloropropane in these streans will range fromO0.62 to 8.68
hr. The residence tine in a |ake or pond would be much | onger. Based on
measured Henry's Law Constant at 24°C of 1.67x10° atm ni/nmol (Chiou et al.
1980) and 2.07x10° atm ni/ nol (Mackay and Yeun 1983), the volatilization

hal f-1ife of 1,2-dichloropropane in a nmodel river 1 mdeep flowing 1 m sec
with a wind speed of 3 nisec is estimated to be 3.7-4.6 hr, with resistance
in the liquid phase controlling volatilization (Lyman et al. 1982). In such
cases, the current will have a much greater effect on volatilization than
the wind speed. In wastewater treatnent plants that receive volatile
conpounds such as 1, 2-di chl oropropane fromindustrial discharges or other
sources, stripping will be an inmportant nechanismfor transferring the
chemical fromthe water into the air. In stripping, as opposed to ordinary
vol atilization, the liquid and gas phases are dispersed with the result that
the interfacial surface area is nuch greater and |iquid/gas mass transfer is
greatly enhanced. More than 99% renoval of 1, 2-dichloropropane from

wast ewat er plants has been attributed to this process (Kincannon et al
1983).

The K, of 1,2-dichloropropane is 47 in a silt loamsoil (Chiou et al
1979). This value is | ow, suggesting that 1,2-dichloropropane wll not
adsorb appreciably to soil, sedinment, and suspended solids in water. 1, 2-

Di chl or opropane sorbs to clay minerals in dry soil but desorbs when the soi
is moi st (Cohen et al 1984). Were 1, 2-di chl oropropane has been used as a
soil fumigant for nematodes in California and the coastal areas of Georgia,
South Carolina, North Carolina, and Virginia, the soils are sandy and have a
| ow organi ¢ carbon content (Cohen et al. 1984). Adsorption to these soils
will be lower than to soils with a higher organic content and shoul d not
reduce the mobility of 1,2-dichloropropane significantly. The | eaching
potential of 1,2-dichloropropane is illustrated by a case study in
California in which a soil core was taken froman agricultural field where a
fum gant containing the chem cal had recently been used. Residues of 1, 2-

di chl oropropane up to 12.2 ppb were detected throughout nuch of the 24-foot
core profile and two adjacent drinking water wells contai ned concentrations
of 1, 2-dichl oropropane in excess of 10 ppb (Ali et al. 1986). As much as 300
ppt of 1, 2-dichl oropropane have been detected in bank-filtered Rhine River
wat er indicating that all of the chenmical was not being retained by the soi
(Piet and Morra 1979). The finding that highly nobile and biol ogically-

resi stant residues of the fum gant pesticide 1,2-di bronpethane persisted in
topsoil for years after application, despite its nobility and volatility,
spurred a study of this phenonenon in other hal ogenated hydrocarbons
(Sawhney et al. 1988). Sandy |loamsoils treated with 10,000 ppm of 1, 2-

di chl oropropane for 1 day were extracted 16 tines with water. The apparent
soil water partition coefficient, initially 0.56 (K_22), rose to 72 (K,
2800); the final concentration of 1,2-dichloropropane in the soil was 1.4
ppm . After a 57-day period, the apparent partition coefficient was >250

(K, >9700). Some of the 1, 2-dichl oropropane nol ecul es were adsorbed nore
strongly than others and these nol ecul es becane even nore strongly adsorbed
in time. The fact that pulverization of the soil released a portion of the
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chem cal, suggests that the strongly adsorbed 1, 2-dichl oropropane eventually
becanme occluded in the soil structure. Additionally, these observations
suggest that the rate at which the chenical becones occluded, or the
adsorption coefficient increases, is diffusion-controlled.

The di ssipation of 1,2-dichloropropane was deternmined in tw clay and
two sandy soils in closed systens foll owi ng application at normal field
rates (Van Dijk 1980). The nean dissipation rate was 0.013 day* (half-life
52 days), with the rate roughly twice as high in the sandy soil as in the

clay soil. Additionally, the rate of volatilization increased by a factor of
two for a 10°C increase in tenperature. In another experiment in which 1,2-
di chl oropropane was nixed with 3 cmof soil in an open container, covered

with 12 cmof soil and left outdoors, <1%of the chem cal renmined after 10
days (Roberts and Stoydin 1976). This loss was attributed to
vol atilization.

A bioconcentration factor (BCF) of 19 in fish has been estimated for
1, 2-di chl oropropane using |inear regression equations with an estimted | og
Kow of 1.99 (EPA 1988b; Lyman et al. 1982). An experinmental value for the
bi oconcentration factor of <10 has al so been reported (Kawasaki 1980). Only
for those chemical with BCF val ues greater than 500-1000 is bioconcentration
considered to be inportant. Therefore, 1,2-dichloropropane would not be
expected to bioconcentrate significantly in fish. When potatoes were grown
in sandy | oamsoil that had been treated with a mxture of “Clabeled 1, 2-
di chl oropropane and 1, 3-di chl oropropene 5 nonths before sowi ng, only 7 ppb
of the radioactivity was found in the nature potatoes indicating mnninal
upt ake of either of these chem cals (Roberts and Stoydin 1976).

5.3.2 Transformati on and Degradati on
5.3.2.1 Air

The primary node of degradation in air is through reaction with
phot ochem cal | y- produced hydroxyl radicals by H atom abstraction (Si ngh et
al . 1982). Experinental determinations of the reaction rate yield a halflife
of >23 days (Atkinson 1985), whereas theoretical estimates result in a
hal f-1ife of 16 days (Atkinson 1985). Lacking a chronophore that absorbs
radi ati on >290 nm direct vapor phase photolysis would not be expected.
Accordingly, no photolysis occurred when 1, 2-di chl or opropane was exposed to
simul ated sunlight for prolonged periods of tinme (Cohen et al. 1984).

5.3.2.2 Water

1, 2-Dichl oropropane is resistant to hydrolysis, with an esti nmated
hydrolysis half-life of 25-200 wk (Cohen et al. 1984). Moyst studies
i ndicated that 1,.2-dichloropropane is also resistant to biotransformation
There was no degradation in a sem continuous activated sludge process in ten
weeks even when the retention tine was as long as 25 hr (Shell 1984). There
is also no degradation in standard 4-week tests that sinulate
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bi odegradability in environnmental waters (Kawasaki 1980; Anonynous 1983).
Wi | e >99% of 1, 2-dichl oropropane was |lost in a wastewater treatnment
facility, the loss was attributed to stripping, rather than bi odegradation
(Ki ncannon et al. 1983).

5.3.2.3 Soi

Little or no degradation of 1,2-dichloropropane has been reported in
soil. Wen 71 ppm of radiol abeled 1, 2-dichl oropropane was applied to a sandy
| oam and medi um |l oam soil in closed glass containers and incubated for 20
weeks, <0.2% of the applied radioactivity was found in degradation products
(Roberts and Stoydin 1976).

5.4 LEVELS MONI TORED OR ESTI MATED I N THE ENVI RONVENT
5.4.1 Air

No | evel s of 1,2-dichloropropane in rural or renpote areas of the U S
have been reported in the literature. Sanples collected in 397
ur ban/ suburban areas of the country had a nedi an concentration of 57 parts
per trillion (ppt) and a range of 22 to 110 ppt (Brodzi nsky and Singh 1982).
Round-the-cl ock sanpling for periods of 1-2 weeks in seven U S. cities
ranged from 21-78 ppt (Singh et al. 1982). Levels of sone of the chenicals
nmeasured were highest at night or in the early norning, and | owest in the
aft ernoon, although no nention of this fact was specifically directed to
1, 2-di chl oropropane. Only 2% of the 1, 2-di chl oropropane |evels nonitored at
four sites by the California Air Mnitoring Program were above the
guantitation limt of 0.2 ppt, although one value recorded in Riverside was
1100 ppt (Shikiya et al. 1984). During rain events in Portland, Oregon, gas
phase concentrations of 1,2-dichloropropane ranged from4.4-8.4 ppt (Ligock
et al. 1985). Levels of 1,2-dichloropropane in industrial or source-rel ated
areas of the U S. ranged (39 sites) from0-130 ppt with 120 ppt nedi an
(Brodzi nsky and Singh 1982). The average concentration during a 3-nonth
survey of ten source-related sites in Philadel phia, PA was 259 ppt
(Sullivan et al. 1985). In EPA s Phil adel phi a Geographic Area Miltinedia
Pol | ut ant Survey, average anbient 1,2-dichloropropane |evels ranged from 40-
740 ppt in various sections of the city and 7700- 120, 000 ppt downw nd of the
Nort heast Water Pollution Control Plant (EPA 1986c¢c). This plant had
recei ved di scharges fromthe Rohm and Haas plant which produced ion exchange
resins using 1,2-dichloropropane as a solvent. The data conpiled by
Brodzi nsky and Si ngh (1982) has been reviewed and nost of it is of good
quality. Mre data has now been added to this National Anbient Volatile
O gani ¢ Conpounds Dat abase bringi ng the nunber of nmonitoring data points to
714 (Shah and Heyerdahl 1988). Wth the addition of the new data, the
overal | nedian concentration of 1,2-dichloropropane is 22 ppt and the | ower
and upper quartile concentrations are 11 and 65 ppt. The nedi an
concentration of the suburban, urban, and source-dom nated sites were 42
ppt, 11 ppt, and 1 ppt, respectively. The fact that the 1, 2-
di chl oropr opane concentrations are higher at the 'cleaner' sites my
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i ndicate that the degradation rate is lower at these sites rather than that
there are nore 1, 2-di chl oropropane eni ssions at these sites. The
concentration of hydroxyl radicals that are responsible for the
phot ooxi dati on of 1,2-dichloropropane are generally [ower in cleaner

at nospheres than dirty ones (Wner et al. 1984). The fact that the addition
of nore recent data to the National Anmbient Volatile Organic Conmpounds

Dat abase has | owered the nedi an 1, 2-di chl oropropane concentration from 57
ppt to 22 ppt (Brodzinsky and Singh 1982; Shah and Heyerdahl 1988) suggests
that the reduction in 1,2-dichloropropane use has had an effect on anbient
air concentrations.

Traces of 1, 2-dichl oropropane were detected outside 2 of 9 hones at the
O d Love Canal in N agara Falls, N Y. (Barkley et al. 1980), while 0.29 ppb
was found in the anbient air in a household basenment (Pellizzarri 1982).
The sane authors did not find any 1, 2-dichl oropropane at the Kin-But waste
di sposal site near Edison, N J. Traces to 0.46 ppb of 1, 2-dichloropropane
were found in Iberville Parish, LA where nany organi c chenical and
producer, user, and storage facilities are |located along the M ssissipp
River (Pellizzarri 1982).

Wi | e one of 1, 2-dichloropropane's nmgjor uses was once as a Soi
fum gant, no air nonitoring data could be located in the avail able
literature for agricultural areas in which it was used.

5.4.2 Water

1, 2- Di chl oropropane has been identified in 1.6% of sanples from1l
water utilities along the Chio River at a level of 0.1 ppb (Chio River
Val l ey Sanitation Comm ssion 1979). In a U S. Goundwater Supply survey in
whi ch 945 water supplies derived from groundwater sources were tested, 13
supplies were positive for 1,2-dichloropropane, with a medi an and nmaxi mum
concentrations of 0.9 and 21 ppb, respectively (Wstrick et al. 1984). In an
ongoi ng study of 575 community water systens using groundwater sources and
approxi mately 19,000 non-comunity and private wells in Suffol k County, NY
0.9% of the comunity water systens and 5.5% of the other wells contained
1, 2-di chl oropropane nmaking it the 5th nost common contam nant found there
(Suffolk County 1983b; Zaki 1986). In 1982 the California State Water
Resources Control Board started investigating the presence of 1, 2-

di chl oropropane in wells (Cohen et al. 1986; Ali et al. 1986) because of its
high nobility in soil and possible carcinogenicity and nutagenicity. They
found the chemical in 75 wells in nine counties ranging up to 1200 ppb; 12
wel I s exceeded the State's action level of 10 ppb (Ali et al. 1986). It is
worth noting that 3 contaminated wells in residential and
residential/comercial areas of Suffolk County, NY with 1,2-dichl oropropane
| evel s of 13-550 ppb were in areas where agricultural use was clained not to
be a source of contami nation (Suffolk County 1983a). 1, 2-Di chl oropropane

was found in at least 7 shallow wells in western WAshi ngton associated with
soil injection in strawberry fields (Cohen et al. 1986). N ne out of 20
sanmpl es of groundwater underlying landfills in Mnnesota contai ned 0.5-43
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ppb of 1, 2-dichl oropropane (Sabel and Clark 1984). In a separate M nnesota
andfill study, 1.5-7.6 ppb of 1,2-dichloropropane was found in the
groundwat er underlying a landfill in a sand plain that was known to have
received industrial waste, but was absent fromthe boring taken directly
above the contani nated groundwater; while 1.1 ppb of 1,2-dichl oropropane was
found in the groundwater froma clay landfill in southwestern M nnesota
(Sabel and C ark 1984).

1, 2- Di chl oropr opane has been found in major rivers of the United
States; up to 20% of the sanples fromnonitoring studies contained from
trace quantities to >0 ppb of the chenmical (Kaiser et al. 1983; Cnhio River
Val l ey Water Sanitation Comm ssion 1980; Chio River Valley Water Sanitation
Conmi ssion 1982). O the 95 stations nonitored in Lake Ontario, 4 had
concentrations rangi ng from 210-440 ppt and 15 others had trace quantities,
while in 16 stations in the Lower N agara River, 4 stations had
concentrations ranging from 7-55 ppt, while 5 other stations had trace
guantities (Kaiser et al. 1983). O the 4972 sanples at 11 stations on the
Ohio River nmonitored in 1980-81, 8.8%were positive, with 28 sanpl es between
[ -10 ppb and 1 sanple contained >10 ppb (Chio River Valley Water Sanitation
Conmi ssion 1982). Between 1980 and 1988, 29,320 sanples of surface water in
EPA' s STORET dat abase were anal yzed for 1, 2-di chl oropropane (STORET 1988).
Ten percent of the sanples were 0.40 parts per billion (ppb) or higher with
a maxi mum | evel of 300 ppb. In addition, of the 859 sedi nent anal yzed, 10%
cont ai ned 1, 2-di chl oropr opane above 44 ppb. O the 22,457 sanpl es of
groundwat er in the database, 10% were above 3 ppb and the maxi nrum was 1500

ppb.

5. 4.3 Soi

1, 2- Di chl oropr opane was present in concentrations up to 12.2 ppb in
soil cores underlying a recently funmigated field in California (Ali et al
1986). In another California study, it was found at 0.2-2.2 ppb in soi
cores up to 7 neters below the surface (Cohen et al. 1984). Sone unspecified
sanpl es of soil, water, or sedinent fromthe Love Canal contained
unspeci fi ed anounts of 1, 2-dichl oropropane (Hauser and Bromberg 1982). 1, 2-
Di chl or opropane was found at nine of the 951 hazardous waste sites |listed on
the National Priority List (NPL) of highest priority sites for possible
renedi al action (ATSDR 1988). Runoff and soil and groundwater contam nation
with 1, 2-dichloropropane was reported at these sites. Additionally, it was
found in 5 sites in the Contract Laboratory Statistical Database at nedi an
concentrations ranging from6.5 to 23,000 ppb (Viar and Conpany 1987).

5.4.4 O her Media

No docunentation of 1,2-dichloropropane in flora or fauna in the U S
was | ocat ed.
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5.5 GENERAL PCPULATI ON AND OCCUPATI ONAL EXPOSURE

A National Cccupational Exposure Survey (NOES) conducted by NI OSH from
1981 to 1983 estimated that 2119 workers including 949 wonen were
potentially exposed to 1, 2-dichloropropane in the United States (N OSH
1988). The distribution of these estimated exposed workers by standard
i ndustrial category (SIC) was: 408 in business services, 831 in machinery,
except electrical, 161 in fabricated nmetal products, 672 in the chenical and
allied products, and 47 in textile m |l products. The estimte was
provisional as all of the data for trade nane products which nmay contain
1, 2-di chl oropr opane has not been anal yzed. The NCES was based on field
surveys of 4490 facilities and was designed as a nati onwi de survey based on
a statistical sanple of virtually all workplace environments in the United
States where eight or nore persons were enployed in all SIC codes except
m ning and agriculture. The use pattern of 1,2-dichloropropane has changed
radically since the survey was nade, as it has been elimnated from
agricultural fum gants, photographic film manufacture, and paint strippers.
The results of the NOES, even though it excludes agricultural workers, are
expected to be high. Another category of worker that may be exposed to 1, 2-
di chl oropropane are workers at wastewater treatnent facilities that handle
ef fluent containing this chemcal. Volatilization would be expected during
treat ment operations. According to Dow Chem cal Conpany, the najor
manuf acturer of 1,2-dichl oropropane, all processes involving the production
conversion, and disposal of 1,2-dichloropropane are cl osed process (Dow
Chem Co. 1983). By their estimtes, 45 and 123 workers are routinely and
potentially exposed, respectively, to the chenical (Dow Chem Co. 1983).
The | evel s of exposure they report are <2 ppmfor toluene diisocyanate
(TDl) production, <l ppmin ion exchange resin manufacture, and <25 ppmin
paper coating (Dow Chem Co. 1983).

According to drinking water surveys (Ali et al. 1986; Cohen et al
1986; Ohio River Valley Sanitation Conm ssion 1979; Westrick et al. 1984;
Zaki 1986), a significant nunber of drinking water supplies contained 1, 2-
di chl oropropane and people drinking this water woul d have been exposed to
this chemical. In the nost broadl y-based groundwater survey, 1.4% of these
suppl i es cont ai ned nedi an water concentrations of 0.9 parts per billion
(ppb) (Westrick et al. 1984). People drinking this water would i ngest 1.8
c(g of 1,2-dichloropropane per day. Wile nost of the drinking supplies
tested for 1, 2-dichloropropane were taken from groundwater sources, in
cities such as Phil adel phia, PA which obtains its water froma river that
recei ved si zeabl e amounts of 1, 2-dichl oropropane-containing effluent, the
concentration of 1,2-dichloropropane in the drinking water fromthe Baxter
Drinking Water Plant averaged 1.5 ppb (EPA 1986). People consuming this
wat er woul d have ingested 3.0 ug of 1,2-dichl oropropane daily.

The general population is exposed to 1, 2-dichloropropane in anbient
air, which contains nedian 1, 2-dichl oropropane |evels of 22 ppt which
translates into a daily intake of 2.1 nug. Residents of Phil adel phia,
according to EPA s Phil adel phia Geographic Area Miltinmedia Pollutant Survey,
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woul d have been exposed to much hi gher inhal ati on doses, 98-660 ug/day
because a | arge user of 1,2-dichloropropane was | ocated there (EPA 1986¢c).
People living in the vicinity of landfills containing 1, 2-dichloropropane
may be exposed to 1, 2-dichloropropane present in landfill gases.

Not enough information is available to estimte what the | evel of

exposure fromthis source mght be. Subsurface and surface em ssions of

vol atil e organi c conpounds (VOCs) have been found from RCRA Subtitle D

di sposal sites which reportedly received only non-hazardous waste. However,
hazardous waste from smal|l quantity generators or househol d hazardous waste
may be di sposed of at these landfills. For landfills that are simlar in
design and content, emi ssions are estinated to be a factor of 2.6 greater in
a wet climte than in a dry one (Vogt et al. 1987)

5.6 POPULATI ONS W TH POTENTI ALLY HI GH EXPOSURE

Those peopl e consum ng contani nated drinking water will have the
greatest potential for exposure to significant |levels of 1,2-
di chl oropropane. Since the odor threshold for 1,2-dichloropropane is 10
ppb (Anmoore and Hautal a 1983), people consuming water with this |evel of
1, 2-di chl oropropane may have a warning that their water is contam nated.
In general, drinking water supplies that are nbst apt to be contam nated are
t hose taken from groundwat er sources. Contaninated drinking water wells are
nost likely to be found in agricultural areas with sandy soil where the
chemi cal was used as a fum gant. However, there are special situations,
such as in Phil adel phia, where drinking water derived from surface water
sources may be contami nated with 1,2-dichl oropropane-containing effluent.
I n Phil adel phia, 1,2-dichloropropane-containing effluent froman industria
pl ant was driven upstreamto the influent of a drinking water plant by tida
action. This plant recently discontinued using 1, 2-di chl oropropane. People
residing in the vicinity of industrial sources may be exposed to 1, 2-
di chl oropropane in the anbient air, either fromdirect enissions or
vol atilization of the chenical from wastewater

5.7 ADEQUAGY OF THE DATABASE

Section 104 (i) (5) of CERCLA, directs the Adm nistrator of ATSDR (in
consultation with the Adm ni strator of EPA and agenci es and prograns of the
Public Health Service) to assess whether adequate information on the health
ef fects of 1,2-dichloropropane is avail able. Where adequate information is
not avail abl e, ATSDR, in cooperation with the National Toxicol ogy Program
(NTP), is required to assure the initiation of a program of research
designed to determine these health effects (and techni ques for devel oping
nmet hods to determ ne such health effects). The foll owi ng di scussion
hi ghlights the availability, or absence, of exposure and toxicity
i nfornmati on applicable to human health assessnent. A statenent of the
rel evance of identified data needs is also included. In a separate effort,
ATSDR, in collaboration with NTP and EPA, will prioritize data needs across
chenmical s that have been profil ed.
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5.7.1 Data Needs

Physi cal and Chemical Properties. The physical and chem cal properties
of 1, 2-di chl oropropane have been adequately characterized (see table 3.2).

Envi ronnental Fate. Sufficient data exists to show that chem cal
hydrol ysis and aer obi c bi odegradati on of 1,2-dichl oropropane are very sl ow
and are not significant in determining the half-life in surface water or
soil. No experinmental studies of anaerobic biotransfornmation are avail abl e;
these could be useful in estimating the half-life of 1,2-dichloropropane in
soi | and groundwat er. Experinmental hydrolysis data at pH 5-9 woul d be
hel pful for predicting the half-1ife of 1,2-dichloropropane in groundwater
where vol atilization is not significant.

Exposure Levels in Environnental Media. Since 1, 2-dichloropropane was
phased out as a fumigant and its use in solvents has declined, recent
nmoni toring data are needed for air, groundwater, and surface water. This is
particularly inmportant with respect to groundwater, where it is especially
long-1ived and may be present in significant concentrations. Field
noni toring studies of 1,2-dichloropropane woul d al so be useful. This may be
the only feasible way of determ ning the half-1ife of 1,2-dichloropropane in
groundwater. Air nonitoring and surface water studies would show the effects
of changi ng 1, 2-di chl oropropane use patterns. \Wile EPA' s Storet database
contai ns consi derable water.nonitoring data, there are problenms with the
dat abase that limt its usefulness. The detection linmt is apparently
recorded when no chemical is detected, so that it is inpossible to say
whet her the 90 percentile figures for surface water and groundwater quoted
in Section 5.4.2 represent positive determ nations or nerely detection
l[imts. It would be helpful if this nonitoring data woul d i ndi cate whet her
1, 2-di chl oropropane was actually detected in the sanples.

Exposure Levels in Humans. The use pattern of 1, 2-dichl oropropane has
changed radically since NIOSH s Nati onal Cccupational Exposure Survey
(NOES). Since the elimnation of 1,2-dichloropropane fromagricultura
fum gants, photographic filmmanufacture, and paint strippers, fewer workers
are exposed. Wiile agricultural workers were not included in the survey,

t hose engaged in the manufacture of agricultural chemnicals were included.
As a chemical in paint strippers, 1,2-dichloropropane would have a
particularly high potential for exposing |arge nunbers of people at high
| evel s of exposure, since such applications are |abor intensive and
performed in the open. Therefore the results of the NOES will have to be
reanal yzed in light of current use patterns in order to reflect current
occupati onal exposures.

Exposure Registries. Oher than the NI OSH survey, no exposure
registries for 1,2-dichloropropane were | ocated. The devel opnent of a
regi stry of exposed persons woul d provide a useful reference tool in
assessi ng exposure levels and frequency. In addition, a registry would
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all ow an assessnent of the variations in exposure concentrations by, for
exanpl e, geography, season, regulatory actions, presence of hazardous waste
landfills, or manufacturing or use facility. These assessnents, in turn
woul d provide a better understanding of the needs for sonme types of research
or data acquisition based on the current exposure concentrations.
Additional ly, such a database of exposures may be useful for Iinking
exposure to 1, 2-dichloropropane with specific toxic effects or diseases.

5.7.2 On-going Studies

No on-going nonitoring studies or studies relating to the environnental
fate of 1,2-dichloropropane were |ocated in the available literature.

According to Energency Planning and Community Right to Know Act of 1986
(EPCRTKA), (8313), (Pub. L. 99-499, Title Ill, 8313), industries are
required to submt release information to the EPA. The Toxic Rel ease
Inventory (TRI), which contains release information for 1987, becane
avail able in May of 1989. This database can be updated yearly and shoul d
provide a nore reliable estinmate of industrial production and emni ssions,
which will be useful for determ ning potential human exposure.

NIOSH is continuing to revise its estimtes of occupational exposures
in its National Occupational Exposure Survey (NOES) through the inclusion of
trade name conmpounds. As part of the Third National Health and Nutrition
Eval uati on Survey (NHANES II1), the Environnmental Health Laboratory Sciences
Division of the Center for Environnental Health and Injury Control, Centers
for Disease Conrol, will be analyzing hunman bl ood sanples for 1, 2-

di chl oropropane and other volatile organic conpounds. These data will give
an indication of the frequency of occurrence and background | evels of these
conpounds in the general popul ation.
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6.1 Bl OLOG CAL NMATERI ALS

The anal ytical nethods for the determination of 1,2-dichloropropane in
bi ol ogical matrices are given in Table 6-1. The purge and trap net hod used
for environnental sanmples is also commonly used for biological sanples. The
di scussi on about the methods that may be npbst sensitive for the
determ nation of 1,2-dichloropropane levels in environnental sanples, the
advant ages and di sadvant ages of the commonly used nethods, and the
precautions required to avoid evaporation | osses as given in Subsection 6.2
is also applicable for biological sanples.

6. 2 ENVI RONMVENTAL SAMPLES

As with all extrenely volatile chenmicals, it is essential to take
precautions during sanpling, storage, and analysis to avoid | oss of 1, 2-
di chl oropropane. Anal ytical nethods for determ ning 1, 2-dichl oropropane in
environnent al sanples are presented in Table 6-2. The two comon net hods
that are used for the preconcentration of 1,2-dichloropropane for the
determination of its levels in air are adsorption on a sorbent columm or
collection in a cryogeni cally-cooled trap, although the use of oxygen-doped
el ectron capture detection may elinmnate the need for preconcentration
(Rasmussen et al. 1980). The di sadvantages of cryogenic cooling are that
the nmethod is cunbersone and that condensation of moisture in air may bl ock
t he passage of further air flow through the trap. The di sadvantages of the
sorption tubes are that the sorption and desorption efficiencies may not be
100% and that the background inmpurities in the sorbent tubes may limt the
detection lint for sanples at | ow concentrations (Cox 1983).

The npbst common nethod for the determ nation of 1,2-dichloropropane
levels in water, sedinment, soil and aquatic species is the purging of the
vapor fromthe sanple or its suspension in water with an inert gas and
trappi ng the desorbed vapors in a sorbent trap. Subsequent thermal
desorption is used for the quantification of its concentration

The two nmethods that provide the | owest detection limts are halide-
specific detectors (e.g., Hall electrolytic conductivity detector) and nass
spectronmeter. The advantage of halide specific detectors are they are not
only very sensitive but are also specific for halide conmpounds. The nass
spectroneter, on the other hand, provides an additional confirmati on of the
presence of a conpound through the ionization patterns and is desirable when
a variety of conpounds are required to be quantified. The di sadvantage of
hal i de-specific detectors for their inability to detect and quantify nonhal ogen
conpounds can be greatly overcome by using other detectors (e.g.
phot oi oni zation detector) in series (Lopez-Avila et al. 1987; Driscoll et
al . 1987). High-resolution gas chromatography with capillary colums is a
better nethod for volatile conpounds than packed col utms because t hey
provi de better resolution of closely eluting conpounds and increase the



TABLE 6-1. Analytical Methods for 1,2-Dichloropropane in Biological Samples

Sample Matrix Sample Preparation Analytical Method Detection Limit Accuracy Reference
Exhaled air exhaled air collected by cryofocussing HRGC-MS NG NG Barkely et al.,
valved Teflon Spriometer 1980
mouth pieces into Tedlar
bag. The content of bag
sorbed in Tenax and thermally
desorbed
Blood and urine sample mixed with water purged cryofocussing HRGC-MS NG NG Barkely et al.,
at 50°C, trap in Tenax, thermal 1980
desorption
Blood sample mixed with water purged GC-MS <100 ppt 55-60% Cramer et al.,
at ambient temperature and at 1 ppb 1988
trapped in Tenax and thermally
desorbed
Urine sample equilibrated in sealed HRGC-MS NG NG Ghittori et al.,

in vial at 37°C end head space
gas analyzed

1987

NG - Not given; GC - gas chromatography; HRGC - high resolution gas chromatography; MS - mass spectrometry
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TABLE 6-2.

Analytical Methods for 1,2-Dichloropropane in Environmental Samples

Sample Matrix Sample Preparation Analytical Method Detection Limit Accuracy Reference
Ambient air aliquot of sample collected in GC-ECD 0.2 ppb NG Shikiya
Tedlar bag, concentrated in a et al. 1984
cryogenic trap and thermally disolved
Ambient air aliquot of sample collected in GC-ECD 4 ppt 85-115% Singh
electropol ished cylinder cryogenically et al. 1982
preconcentrated
Indoor/Outdoor air sample collected by adsorption HRGC-ECD 10 ppb NG DeBortol i
through charcoal desorbed by CSZ et al. 1986
Occupational air sample collected by adsorption on GC-HELD 33 ug/m3 <95% NIOSH 1984; e
charcoal, desorbed in acetone/ (7 ppb) Boyd et al.
cyctohexane 1981; Ddillon %
1981 5
>
Air from indus- sample collected by adsorption on cryofocussing HRGC-MS <0.2 ug/nl?’ >75% Pellizzani :ﬁ
trial and chemical Tenax, thermally desorbed (<0.04 ppb) 1982 H
water disposal g
sites =
Finished drinking purge and trap, thermal desorption GC-MS <0.1 ug/L 90% Otson 1987 t&::
and raw source (0.1 ppb) E
water (@]
@
purge at ambient temperature, trap GC-HEED NG 95% EPA 1986a
in Tenax/Silica/Charcoal and (EPA Method 502.1) at 0.4 pg/L
desorb thermally
purge and ambient temerature, trap subambient programmable 0.17 101% EPA 1986a
in Tenax/Silica/Charcoal desorb GC-NC (EPA Method 524.1) pug/L 1 pg/L
thermally (0.17 ppb)
purge at ambient temperature, trap cryofocussing (wide or 0.04 pg/L 97% (wide EPA 1986a
in Tenax/Silica/Charcoal, thermally HRGC-MS (EPA-Method 524.2) (wide bore) bore) at 0.1-
desorbed 0.02 pg/L 10 ug/L 96%
(narrow bore) (narrow bore)
at 0.5 pug/L
prinking/ground/ vacuum distillation with cryogenic HRGC-ECD 0.03 ug/L 81% Comba and
surface water trapping Kaiser 1983
Water/waste-water purge at ambient temperature, trap GC-HECD 0.04 ug/L 97.7% at . EPA 1982a

in Tenax/Silica/Charcoal, thermally

(EPA Method 601)

0.29-39.0 ug/L
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TABLE 6-2 (continued)

Sample Matrix Sample Preparation Analytical Method Detection Limit Accuracy Reference

Water/wastewater purge at ambient temperature, trap GC-HECD 0.04 ug/L 97.7% at EPA 1982a
in Tenax/Silica/Charcoal, thermally (EPA Method 601) 0.29-39.0 ug/L

Wastewater purge at ambient temperature, trap GC-MS 6 ug/L 102-103% EPA 1982a
in Tenax/Sitica thermally desorb (EPA Method 624)

Groundwater/ purge at ambient temperature, trap GC-MS 5 pa/L NG EPA 1987a

leachate in Tenax/Silica, desorb thermally (EPA-CLP method)

Water and fish dry purge and trap (water), cryofocussing HRGC-HECD/ NG NG Driscatl
somicated fish slurry subjected PID in series et al. 1986
to dry purge and trap

Sediment/fish vacuum distillation and condensation HRGC-MS NG 96% (sediment) Hiatt 1981;
in supercooled trap 54% (fish) Hiatt 1983

Marine biota/ homogenized ultrasonically (fish) cold focussing HRGC-MS <0.2 pg/kg NG Ferrario

sediment or water suspension (sediment) et al. 1985
sample purged at 70°C, trapped in
Tenax/Silica and thermally desorbed

Fish ‘cut tissue purged at 30°C, trap in KRGC-FID NG 61% Reinert
charcoal desorb in CS et al. 1983

Soil/sediment purge sample suspension in water at GC-MS 5 ng/kg NG EPA 1987a
50°C, trap in Tenax/Silica, (EPA-CLP method)
thermally desorb

Liquid and solid solid samples dispersed in a glycol, GC-HELD 0.4 pug/L 44-156% EPA 1982b,

waste purge at ambient temperature, trap (EPA methods 5030 (groundwater) EPA 1986b
in Tenax/silica, desorb thermally and 8010) 0.4 pg/L (soil)

20 ua/Kg

(liquid waste)

50 pg/kg

(soil and sludge)
Groundwater, solid sample disposed in a glycol, purged GC-HELD 1-5 pg/g 80% Lopez-Avila
waste, or sludge at anbient temperature, trapped in and PID in Series (for soil) (groundwater) et al. 1987

NG - not given; GC - gas chromatography; MS - mass spectrometry; HRGC - high resolution gas chromatography; HEED - halt electrolytic
conductivity detector; PID - photoionization detector; ECD - electron capture detector; FID - flame ionization detector

9
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sensitivity of detection. In addition, purge and whol e col um cryotrappi ng
elimnates the need for the conventional purge and trap unit and reduces the
time of anal ysis (Pankow and Rosen 1988). The plugging of the trap by the
condensation of noisture during cryotrapping may be avoi ded by the use of
very wi de bore capillary columm, although the chronmatographic resolution of
such a colum is inferior to narrow bore capillary colums (Pankow and Rosen
1988; Mosesnan et al . 1987).

6. 3 ADEQUACY OF THE DATABASE

Section 104 (i) (5) of CERCLA, directs the Adm nistrator of ATSDR (in
consultation with the Adm ni strator of EPA and agenci es and prograns of the
Public Health Service) to assess whether adequate information on the health
ef fects of 1,2-dichloropropane is avail able. Where adequate information is
not avail abl e, ATSDR, in cooperation with the National Toxicol ogy Program
(NTP), is required to assure the initiation of a program of research
designed to determ ne these health effects (and techni ques for devel opi ng
nmet hods to determ ne such health effects). The foll owi ng di scussion
hi ghli ghts the availability, or absence, of exposure and toxicity
i nfornati on applicable to human health assessnent. A statenent of the
rel evance of identified data needs is also included. In a separate effort,
ATSDR, in collaboration with NTP and EPA, will prioritize data needs across
chemi cal s that have been profil ed.

6. 3.1 Data Needs

Met hods for Determ ning Parent Conpounds and Metabolites in Biologica
Materials. The anal ytical nethods for determning volatile chlorinated
hydrocarbon levels in biological matrices are quite general. However,
there is a paucity of data specific to 1,2-dichloropropane. The linted
nunber of publications that discuss the nmethods for the determnation of
this conmpound in biological nmatrices do not report either the recovery or
the detection Iimt of the conpound in different biological matrices. The
study of the levels of the parent conpound in hunan bl ood, urine or other
bi ol ogi cal matrices can be useful in deriving a correlation between the
| evel of this compound found in the environment and those found in the body.
One study (Chittori et al. 1987) reported that a correlation exists between
the urinary level and the TWA | evel of 1,2-dichloropropane neasured at the
breat hi ng zone. No netabolite of 1,2-dichloropropane from hunan exposure to
this conmpound has yet been identified, although specific netabolites have
been identified in the urine of rats (see Subsection 2.6.3). The changes in
nmet abolite concentrations with tine in human bl ood, urine, or other
appropriate biological nmediumnmay be useful in estinmating its rate of
net abolismin humans. |In sone instances, netabolite |evels may be useful in
correl ati ng exposed doses to human body burdens. Such studies on the |evels
of metabolites in hunan biological matrices are not available for this
conpound.
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Met hods for Bi omarkers of Exposure. No bi omarker of exposure to 1, 2-
di chl oropropane has been identified (see Subsection 2.9.2). If a biomarker
for this conpound in a human bi ol ogical tissue or fluid were avail abl e and
correlation were found to exi st between the | evel of biomarker and a certain
health effect, it could be used as an indication of a health effect caused
by the exposure to this chemical

a

Met hods for Determ ning Parent Conpounds and Degradation Products in
Envi ronnental Media. Analytical nethods are available for the
qguantification of 1,2-dichloropropane in environnental sanples. The |levels
of this compound in different environmental nedia can be used to indicate
exposure of 1, 2-dichloropropane to humans through the inhalation of air and
i ngestion of drinking water and foods containing 1, 2-di chl oropropane. If a
correlation with human tissue or body fluid | evel s was found to exist, the
intake levels fromdifferent environnental sources could be used to estinmate
t he body burden of the chemi cal in humans. Although the products resulting
fromthe biotic or abiotic degredation of 1,2-dichloropropane in the
environnent can be inferred, there has been no systematic study of the
concentrations of these reaction products in the environnent. In instances
where the product(s) of an environnental reaction is nore toxic than the
parent compound, it is inportant that the | evel of the degradation products
in the environnent be known. No such reaction products have been identified
for 1,2-dichl oropropane. Analytical methods are available for the
qgquantification of the known reaction products of 1,2-dichloropropane in the
envi ronnent .

6.3.2 On-going Studies

The Environnental Health Laboratory Sciences Division of the Center for
Envi ronnmental Health and Injury Control, Centers for Disease Control, is
devel opi ng methods for the anal ysis of 1,2-dichloropropane and ot her
vol atil e organi ¢ conpounds in blood. These net hods use purge and trap
net hodol ogy and magnetic mass spectronetry which gives detection limts in
the I ow parts per trillion range.
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Nati onal and state regul ati ons and gui delines pertinent to human
exposure to 1, 2-dichloropropane are sunmarized in Table 7-1

The Clean Water Effluent Guidelines regulate 1,2-dichloropropane for
the follow ng industrial point sources: electroplating, organic chem cals,
steam el ectric, asbestos, tinmber products processing, metal finishing,
pavi ng and roofing, paint formulating, ink formulating, gumand wood, and
carbon bl ack (EPA 1988).



TABLE 7-1.

7. REGULATIONS AND ADVISORY STANDARDS

Regulations and Guidelines Applicable to 1,2-Dichloropropane

Agency Description value Reference
International
IARC Cancer Classification Group 32 1ARC 1987
Supp 7
National
Regulations
Air
OSHA Permissible Exposure Limit 75 ppm OSHA 1989
Short-Term Exposure Limit 110 ppm
Non-Specific Media
EPA OERR Reportable Quantity 1000 lbs EPA 1986d
Guidel ines
Air
ACGIH Threshold Limit Value
Time-Weighted-Average 75 ppm ACGIH 1987
Short Term Exposure Limit 110 ppm ACGIN 1987
Other
EPA q1* for Oral Exposure (proposed) 0.068(mg/kg/day)'1 EPA 1987b
EPA Cancer Classification Group 2P EPA 1987b
State
State Agencies drinking Water quality guidelines FSTRAC 1988
Arizona 1 ug/L
California 10 ug/L
Connecticut 10 ug/L
Kansas 6 ug/L
Maine 1 pg/L
Minnesota 6 ug/L
Massachusetts 0.001 mg/L MAORS 1989
Acceptable ambient air concentrations NATICH 1987
Connecticut 100 m-:/m3 (8-hr avg)
Kansas 13.89 ug/g” (annual avg)
Maine 5.1 ug/m>_(24-hr avg)
Nevada 8.33 mg/ (8-hr avg)
Virginia 5800 ug/m” (24-hr avg)

8pgent is not classifiable as to its carcinogenicity in humans.

robable human carcinogen.
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Acut e Exposure -- Exposure to a chemical for a duration of 14 days or |ess,
as specified in the Toxicol ogical Profiles.

Adsorption Coefficient (K) -- The ratio of the amount of a chem ca
adsorbed per unit weight of organic carbon in the soil or sedinent to the
concentration of the chemical in solution at equilibrium

Adsorption Ratio (K) -- The amount of a chemi cal adsorbed by a sedinent or
soil (i.e., the solid phase) divided by the anbunt of chemical in the

sol ution phase, which is in equilibriumwth the solid phase, at a fixed
solid/solution ratio. It is generally expressed in mcrogranms of chem ca
sorbed per gram of soil or sedinment.

Bi oconcentration Factor (BCF) -- The quotient of the concentration of a
chemical in aquatic organisns at a specific tine or during a discrete tine
peri od of exposure divided by the concentration in the surroundi ng water at
the sane tine or during the sane tine period.

Cancer Effect Level (CEL) -- The | owest dose of chemical in a study or group
of studies which produces significant increases in incidence of cancer (or
tunors) between the exposed popul aton and its appropriate control

Car ci nogen -- A chemical capabl e of inducing cancer

Ceiling Value (CL) -- A concentration of a substance that should not be
exceeded, even instantaneously.

Chroni ¢ Exposure -- Exposure to a chemical for 365 days or nore, as
specified in the Toxicol ogical Profiles.

Devel opnental Toxicity -- The occurrence of adverse effects on the
devel opi ng organismthat nmay result from exposure to a chemical prior to
conception (either parent), during prenatal devel opnent, or postnatally to
the tine of sexual maturation. Adverse devel opnental effects nay be detected
at any point in the life span of the organi sm

Enbryotoxicity and Fetotoxicity -- Any toxic effect on the conceptus as a
result of prenatal exposure to a chemcal; the distinguishing feature
between the two terns is the stage of devel opnent during which the insult
occurred. The ternms, as used here, include nal formati ons and vari ati ons,
altered grow h, and in utero death.

EPA Health Advisory -- An estimate of acceptable drinking water levels for a
chemi cal substance based on health effects information. A health advisory is
not a legally enforceable federal standard, but serves as technical guidance
to assist federal, state, and local officials.
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| mredi ately Dangerous to Life or Health (IDLH) -- The nmaxi num environnent al
concentration of a contami nant from which one could escape within 30 mn
wi t hout any escape-inpairing synptons or irreversible health effects.

I ntermedi ate Exposure -- Exposure to a chemi cal for a duration of 15-364
days, as specified in the Toxicol ogical Profiles.

I mmunol ogi ¢ Toxicity -- The occurrence of adverse effects on the inmune
systemthat may result from exposure to environnmental agents such as
chemi cal s.

In vitro -- Isolated fromthe living organismand artificially maintained,
as in a test tube.

In vivo -- Cccurring within the living organi sm

Let hal Concentration,, (LC,) -- The lowest concentration of a chemcal in
air which has been reported to have caused death in hunans or animals.

Lethal Concentration,, (LC, -- A calculated concentration of a chenica

in air to which exposure for a specific length of tine is expected to cause
death in 50% of a defined experinmental anima

popul ati on.

Lethal Dose , (LD -- The |owest dose of a chenical introduced by a
route other than inhalation that is expected to have caused death in humans
or aninals.

Let hal Dose, (LD,) -- The dose of a chemical which has been cal cul ated
to cause death in 50% of a defined experinental animal popul ation

Lowest - Cbser ved- Adver se- Ef fect Level (LOAEL) -- The | owest dose of chem cal
in a study or group of studies which produces statistically or biologically
significant increases in frequency or severity of adverse effects between

t he exposed popul ation and its appropriate control

LT,, (lethal time) -- A calculated period of tinme within which a specific
concentration of a chem cal is expected to cause death in 50% of a defined
experimental aninmal popul ation.

Mal f ormations -- Permanent structural changes that may adversely affect
survival, devel opnent, or function

Mnimal Risk Level (MRL) -- An estinmate of daily human exposure to a
chemcal that is likely to be without an appreciable risk of deleterious
ef fects (noncancerous) over a specified duration of exposure.
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Mut agen -- A substance that causes mutations. A nmutation is a change in the
genetic material in a body cell. Miutations can lead to birth defects,
nm scarri ages, or cancer.

Neurotoxicity -- The occurrence of adverse effects on the nervous system
foll owi ng exposure to a cheni cal

No- Qbser ved- Adver se- Ef fect Level (NQAEL) -- That dose of chemi cal at which
there are no statistically or biologically significant increases in
frequency or severity of adverse effects seen between the exposed popul ation
and its appropriate control. Effects may be produced at this dose, but they
are not considered to be adverse.

Cctanol -Water Partition Coefficient (K, -- The equilibriumratio of the
concentrations of a chemcal in n-octanol and water, in dilute solution

Perm ssi bl e Exposure Limt (PEL) -- An allowabl e exposure |evel in workplace
air averaged over an 8-h shift.

g,* -- The upper-bound estinmate of the | ow dose slope of the dose-response
curve as deternmined by the nultistage procedure. The g,* can be used to

cal cul ate an estinmate of carcinogenic potency, the increnental excess cancer
ri sk per unit of exposure (usually g/L for water, ng/kg/day for food, and
g/m for air).

Ref erence Dose (RfD) -- An estinate (with uncertainty spanning perhaps an
order of magnitude) of the daily exposure of the human population to a
potential hazard that is likely to be without risk of deleterious effects
during a lifetinme. The REDis operationally derived fromthe NOAEL (from

ani mal and human studi es) by a consistent application of uncertainty factors
that reflect various types of data used to estimate RfDs and an additiona
nodi fying factor, which is based on a professional judgnment of the entire
dat abase on the chemical. The RfDs are not applicable to nonthreshold

ef fects such as cancer

Reportable Quantity (RQ -- The quantity of a hazardous substance that is
consi dered reportabl e under CERCLA. Reportable quantities are: (1) 1 Ilb or
greater or (2) for selected substances, an amount established by regul ation
ei t her under CERCLA or under Sect. 311 of the Clean Water Act. Quantities
are neasured over a 24-h period.

Reproductive Toxicity -- The occurrence of adverse effects on the
reproductive systemthat may result from exposure to a chenical. The
toxicity nmay be directed to the reproductive organs and/or the rel ated
endocrine system The manifestation of such toxicity may be noted as
alterations in sexual behavior, fertility, pregnancy outcomnes, or

nodi fications in other functions that are dependent on the integrity of this
system
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Short-Term Exposure Limt (STEL) -- The maxi mum concentration to which
wor kers can be exposed for up to 15 min continually. No nore than four
excursions are allowed per day, and there nust be at |east 60 nin between
exposure periods. The daily TLV-TWA may not be exceeded.

Target Organ Toxicity -- This termcovers a broad range of adverse effects
on target organs or physiol ogical systens (e.g., renal, cardiovascul ar)
.extending fromthose arising through a single |imted exposure to those
assuned over a lifetinme of exposure to a chem cal

TD,, (toxic dose) -- A calcul ated dose of a chemical, introduced by a route
other than inhalation, which is expected to cause a specific toxic effect in
50% of a defined experinental aninmal popul ation

Teratogen -- A chemical that causes structural defects that affect the
devel opnent of an organi sm

Threshold Linmit Value (TLV) -- A concentration of a substance to which nost
wor kers can be exposed without adverse effect. The TLV nay be expressed as a
TWA, as a STEL, or as a CL.

Ti me-wei ghted Average (TWA) -- An all owabl e exposure concentration averaged
over a normal 8-h workday or 40-h wor kweek.

Uncertainty Factor (UF) -- A factor used in operationally deriving the RfID
fromexperinental data. UFs are intended to account for (1) the variation il
sensitivity among the nenbers of the human popul ation, (2) the uncertainty
in extrapolating animal data to the case of humans, (3) the uncertainty in
extrapol ating fromdata obtained in a study that is of less than lifetinme
exposure, and (4) the uncertainty in using LOAEL data rather than NOAEL
data. Usually each of these factors is set equal to 10.
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APPENDI X: PEER REVI EW

A peer review panel was assenbl ed for 1,2-dichloropropane. The panel
consi sted of the followi ng nenbers: Dr. WIIliam Lappenbusch, Toxi col ogi st,
Lappenbusch Environnental Health, Inc.; Dr. Hugh Farber, Private Consultant,
Farber Associates; Dr. Carson Conaway, Research Scientist, Naylor Dana
Institute; and Dr. Richard Carchman, Associate Professor, Toxicol ogy and
Phar macol ogy, Medical College of Virginia. These experts collectively have
know edge of 1, 2-dichl oropropane's physical and chem cal properties,

t oxi coki netics, key health end points, mechanisms of action, human and

ani mal exposure, and quantification of risk to hunans. Al reviewers were
selected in conformty with the conditions for peer review specified in the
Super fund Amendnents and Reaut horization Act of 1986, Section 110.

A joint panel of scientists from ATSDR and EPA has revi ewed the peer
reviewers' comrents and determ ned which comments will be included in the
profile. Alisting of the peer reviewers' conments not incorporated in the
profile, with a brief explanation of the rationale for their exclusion
exi sts as part of the administrative record for this compound. A list of
dat abases reviewed and a |ist of unpublished docunents cited are al so
i ncluded in the adm nistrative record.

The citation of the peer revi ew panel should not be understood to inply
their approval of the profile's final content. The responsibility for the
content of this profile lies with the Agency for Toxic Substances and
Di sease Registry.

*U. S. GOVERNMENT PRI NTI NG OFFI CE 1999 — 535 — 152/
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